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SUMMARY 

In 1987 a survey of Canagagigue Creek was undertaken as part of the Municipal-Industrial Strategy for 
Abatement (MISA) Pilot Site study to evaluate the extent of contamination of the bottom sediments and the 
effects, if any, of the contaminants on the resident biota. A number of potential sources of contaminants exist 
along the creek, the most notable ones being the Uniroyal Chemical plant and the Elmira Sewage Treatment 
Plant. Additional sources within the watershed include agricultural and urban runoff. 

A significant finding of this study is the occurrence of DDT and its metabolites DDD and DDE. It 
appears that sources exist within the drainage basin, especially at the Uniroyal site. Levels in sediments were 
particularly high during spring runoff. Although levels declined in the fall, high residual levels were found. The 
sediments of Canagagigue Creek also contained a number of other organic compounds, such as PAHs, that can 
potentially be bioaccumulated by aquatic organisms. 

The specific areas addressed by the study are summarized below. 

1. The Elmira STP appears to be contributing to elevated levels of phosphorus, chloride, sulphate, 
ammonium and nitrite in the stream. Sediment concentrations of these chemicals decreased with 
distance downstream of the plant, but levels were still above background as far as 3 km 
downstream of the plant. 

2. Concentrations of most organic contaminants in water were below detection levels, though 
increases were noted in water concentrations of some of the chlorophenols below the Uniroyal 
site. 

3. Sediment metal concentrations were generally lower at upstream areas, though levels varied in 
relation to sediment organic matter. Levels of some metals increased slightly downstream of the 
STP (copper and chromium) and below the Uniroyal site (lead). 

4. Most organics were below detection levels in the sediments with the exception of DDT and its 
derivatives DDD and DDE. Sediment levels of these were very high in the spring and may be 
a reflection of material introduced with the spring runoff. Levels were lower in the fail, but still 
well above the upstream levels, suggesting the bottom is not thoroughly scoured and residual 
deposits may remain for some time. Sediment levels were highest at the STP site in the spring 
(6,030 ug/g pp-DDT) and exceeded the Severe Effect Levels of the proposed Provincial 
Sediment Quality Guidelines immediately below the STP. However, an increase in the levels 
in sediment was first detected at the Uniroyal site. Levels were highest in sediments at the 
Uniroyal site in the fall (300 ng/g pp-DDD). 

5. Chlorophenols, though present in the water column, were not detected in the sediments 

6. Sediment levels of a number of PAH compounds were significantly higher at the Uniroyal site 
and decreased steadily downstream. 

7. Tissue concentrations of copper, cadmium, arsenic, mercury and zinc in benthic organisms were 
higher than sediment concentrations. Only zinc, cadmium and mercury increased in tissues below 
the Uniroyal or STP sites compared to tissue levels in benthos at the control site. 

8. Organic compounds did not bioaccumulate to any significant degree in benthic organisms. 
Concentrations of DDT and related compounds, though very high in sediments, were low in 
benthic organisms. 

9. No significant increases in tissue metal concentrations could be detected in bottom-feeding fish 
collected in this study. Accumulation of pp-DDE did occur in one species downstream of the 
STP. 



10. Laboratory sediment bioassay results on fathead minnows suggested the presence of a toxic 
effect in the sediments from the Uniroyal site. A likely candidate may be an organic contaminant 
such as one of the DDT group of compounds. This warrants further investigation. 

11. Bioaccumulation of a number of contaminants occurred in both fathead minnows and mayflies 
during laboratory tests on sediments from areas downstream of the control. Disturbance of the 
sediments appears to increase the availability of some of the contaminants. 

12. Effects of sediment contamination on the species composition and density of the benthic 
community could not be differentiated from other effects. A suppression of both organism 
density and diversity were noted below the STP outfall, and these can be attributed to a 
combination of sediment type and the concentrations of contaminants in the water. The benthic 
community in general appears to be strongly influenced by the presence of organic matter, 
(likely a result of agricultural activity within the drainage basin), which obscures any potential 
effects from contaminants. 
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INTRODUCTION 



As part of the Municipal-Industrial 
Starategy for Abatement (MISA) Pilot Site 
program, a study was carried out along Canagagigue 
Creek in the vicinity of the Elmira Sewage 
Treatment Plant in 1987 to determine the 
environmental impacts of contaminated sediments. 
Studies have shown that sediments may act both as 
a sink for contaminants and as reservoirs for future 
release to the water column. Contaminants in 
sediments can also potentially affect aquatic 
organisms. An understanding of the movement of 
contaminants into and from sediments is an 
important factor in predicting their long-term fate 
and effects in the aquatic environment. 

In an effort to understand the biological 
significance of contaminants in sediments, the 
Ministry has developed an ecosystem approach for 
assessing sediments. This involves investigation of 
the physical, chemical and biological aspects of 
sediment contamination. Physical studies provide 
information on the type of sediment, while chemical 
investigation provides information on contaminant 
levels in bottom water, sediments and the aquatic 
biota that inhabit sediments, including the bottom- 
feeding predators. The biological component can 
provide indications as to fate and movement of 
contaminants in biological compartments and their 
effects on the organisms. The latter are often 
determined at the community or population level 
rather than effects on individuals. 

In order to determine the major sources of 
contaminants, the study sought to establish the 
extent of contamination of the sediments through 
measurement of the sediment concentrations of 
metals, organochlorine pesticides, PCBs, PAHs, and 
chlorinated aromattcs. Concentrations of these were 
also determined in the overlying water and resident 
biota (benthic invertebrates and fish) in order to 
assess the nature and extent of contaminant 
movement from the sediments, and to identify 
whether contaminants in sediments were adversely 
affecting aquatic organisms. 



METHODS 



In 1987, six stations were surveyed along 
Canagagigue Creek by the Aquatic Biology Section 



of the Water Resources Branch as part of its In- 
Place Pollutants Program. The stations were located 
upstream, at, and downstream of the Town of 
Elmira (Figure 1). Station 0001 was located in the 
town of Elmira but upstream of the industrial and 
sewage treatment sites and served as the control. 
Station 0002 was located downstream of the 
industrial complex that included the Uniroyal 
Chemical plant, the largest industrial employer in 
the area. The plant discharges only once-through 
cooling water and storm water from yard access 
directly to the creek. Process effluents are 
pretreated and discharged to the Elmira STP 
(OMOE 1989). Station 0006 was located 
immediately downstream of the Elmira Sewage 
Treatment Plant (STP), while station 0003 was 
situated approximately 100 meters downstream of 
station 0006. The sewage treatment plant discharges 
both domestic sewage and industrial effluents after 
secondary (biological) treatment. The remaining 
stations were located further downstream. Station 

0004 was situated approximately 1.7 km downstream 
of the STP while station 0005 was located 
approximately 5.5 km downstream of the STP. 

The study components included: surficial 
sediment chemistry (top 5 cm), bottom water 
chemistry, contaminant levels in benthic 
invertebrates (oligochaetes and chironomids) and 
bottom-dwelling fish, and benthic enumeration 
studies. In addition, the fine-sediment fraction (<63 
ft diameter) was analyzed using an operationally 
defined sequential extraction scheme to determine 
the distribution of metals in the various geochemical 
phases (Persaud et al. 1987). 

Bottom-water samples were collected by 
hand on the last day of each field survey. Water 
temperature, dissolved oxygen, and pH were 
measured and the sample was properly preserved 
according to the type of analysis required and 
submitted to the MOE laboratory. Samples were 
analyzed for nutrients, ions, metals, PCBs, 
organochlorine pesticides and chlorinated aroma tics. 

Sediment was collected by shovel. The top 

5 cm from each of three samples were composited 
and placed in sample jars. Most physical 
measurements were carried out in the field in 
accordance with the methods described in Persaud 
et al. (1987) and included sediment pH, redox 
potential, bottom current, and sampling depth. 
Sediments were maintained at 4 C until analyzed. 

Chemical analyses on sediment and bottom 
water were carried out in the MOE laboratory in 



accordance with procedures described in OMOE 
(1983). Sediments and bottom water were analyzed 
for nutrients, metals, PCBs and pesticides, PAHs, 
chlorinated aromatics, and sediment particle size. 

Benthic organisms for contaminant analysis 
were also collected by shovel. A minimum of 2 gms 
of the most abundant organism was collected at 
each station for inorganic contaminant analysis, 
wrapped in plastic and immediately frozen. An 
additional 4-5 gms were collected for organic 
contaminant analysis, wrapped in hexane rinsed foil 
and frozen. These were analyzed for PCBs and 
pesticides, PAHs and chlorinated aromatics as well 
as percent lipid content and ash. The percent ash 
was used to correct for gut content in determining 
tissue concentrations. Analyses were carried out by 
consultant laboratories according to the 
methodologies described in Persaud et al (1987) 
and OceanChem (1988). 

The most abundant bottom-dwelling fish 
(longnose dace, emerald shiners, rainbow darters 
and white suckers) were collected in an effort to 
gain an understanding of contaminant transfer 
between the various compartments (e.g., sediments, 
benthos, water, fish). Fish (approximately 6-10 cm 
total body length) were collected by seine net and a 
minimum of 15 fish were collected at each station 
for tissue analysis. Fish from each station were 
grouped by species, age and j< ngth. The analyses 
were the same as those for btnihic invertebrates. 

A total of 5 replicate samples for benthic 
invertebrate community analysis were collected at 
each station using a stainless steel Ponar grab 
sampler (22.9 cm.x 22.9 cm (9" x 9")). Samples were 
field washed using a U.S. 30 mesh (595 urn) sieve 
and the residue was preserved in 5-10% neutralized 
(with borax) formalin solution. Samples were 
sorted under a dissecting microscope. The densities 
of organisms were averaged over the total number 
of replicates and the replicate closest to the mean 
values was chosen for detailed identification of the 
organisms present. The remaining four samples 
were set aside for biomass determination. 

Biomass estimates were calculated as 
preserved wet weight of organisms. Samples were 
blotted dry on filter paper to remove surface 
moisture and were immediately weighed to the 
nearest 0.1 mg on a Mettler H20T balance. The 
results were averaged over the number of replicate 
samples and the mean value has been presented in 
the tables. A correction factor of 10% has been 
added to the total preserved weight to attain the 



total live wet weight. Studies by Wiederholm and 
Eriksson (1977) and Landahl & Nagell (1978) have 
shown that on average a 10% weight loss occurs in 
preserved specimens due primarily to differences in 
densities between ethanol and water. 

Laboratory sediment bioassay experiments 
were conducted on material collected from 
Canagagigue Creek in the area of the Elmira STP 
on October 26, 1987. One sediment sample was 
collected per station from all 6 stations shown in 
Figure 1. 

Sediments were transported to the MOE 
Rexdale laboratories, where they were stored at 4° 
C. Part of the sediments collected were used for 
analysis of the same parameters measured in July. 
On January 11, 1988, the sediments were sieved 
through a 3 mm mesh sieve prior to use in the 
bioassay to remove large particles and debris as well 
as homogenize the sediment. A total of 200 ml of 
sieved sediment was placed in a 1 1 mason jar to 
which 800 ml of dechlorinated tap water was added. 
Six jars were filled for each station and the 
sediments were allowed to settle for 24 hrs. before 
aeration was started. After 1 hr of aeration, test 
animals were added to the jars. The six test jars for 
each station were divided into two groups of three 
jars each. Five fathead minnows (pimephales 
promelas) were added to each of the three jars in 
the first group and five nymphs of the burrowing 
mayfly Hexagenia limbata were added to each of the 
three jars in the second group. The minnows used 
were cultured in the MOE Rexdale laboratory and 
were all 3 months of age. The mayflies were second 
year nymphs collected at Honey Harbour (an 
uncontaminated site) on Georgian Bay. Honey 
Harbour sediments were used for the experimental 
control. 

The bioassay was run for a total of ten days 
in a controlled water bath at 20° C and was 
monitored daily during this time for any mortality, 
at which time any dead animals were removed. At 
the end of the ten day period the surviving animals 
were removed, frozen, and subsequently submitted 
for analysis of tissue contaminant levels. In order to 
obtain sufficient biomass for tissue analysis, the 
surviving mayflies from all three replicates were 
pooled. One replicate for fathead minnows (greatest 
number surviving) was selected for analysis. 



3. RESULTS 

3*1 Bottom Water 



Results of the water quality analysis are 
provided in Tables 1 to 5. Canagagigue Creek can 
be characterized as a moderately shallow, hardwater 
stream (alkalinity ranged from 207.5 to 218 mg/1 as 
CaCQj, Table 1). The creek, at the time of 
sampling, was relatively turbid due to a moderately 
high suspended sediment load. The creek also 
carried a relatively high nutrient load, as levels of 
both carbon (as DOC) and nitrogen (as TKN) were 
moderately high. A reduction in the particulate load 
was observed at station 0005, the furthest 
downstream station, and shows that deposition of 
suspended material occurs in the lower reaches of 
the creek. 

Significant increases in conductivity, 
phosphorus, sodium, chloride, sulphate, ammonium 
and nitrite were noted below station 0006 (Table 1). 
These confirmed the conclusions of an earlier 
Environment Canada survey of Canagagigue Creek 
(Carey et al. 1983) which found elevated levels of all 
of these parameters downstream of the Elmira STP. 
Conductivity increased from 516 umho/cm at station 
0001 to 643 umho/cm at station 0002, below the 
Uniroyal Chemical Site, and increased further below 
the STP to 1700 umho/cm. High levels persisted as 
far downstream as station 0004, and elevated levels 
were still apparent at station 0005. Phosphorus 
levels increased from 0.156 mg/1 at the control 
(station 0001) to a high of 0.250 rog/1 at station 
0003. Levels of sodium were 23 times higher below 
the STP and ca. 2 km. downstream (station 0004) 
were still 20 times higher (198 mg/1). Chloride and 
sulphate increased 8 and 10 times respectively at 
stations 0006 and 0003. In all cases, only minor 
differences were found between concentrations at 
station 0006 and 0003. Concentrations of all the 
above parameters were considerably lower at station 
0005, but had not returned to upstream levels. 

Ammonium levels increased by nearly 70 
times at station 0002, and was the only parameter to 
show a major increase below the Uniroyal Site. A 
general increase in pH also occurred at station 0002 
and higher pH persisted downstream through 
station 0005. 

Metals data were generally available only 
for station 0001 (Table 2). The Environment 
Canada survey found downstream levels to be 
similar to upstream levels and these parameters 
were not analyzed except for mercury and arsenic. 
The data for Hg and As show that no detectable 
levels of either were recorded at any of the stations. 



Levels of organics were below detection 
limits except for g-BHC hexachlorocyclohexane 
(Tables 3 and 4). Concentrations increased at 
station 0002 to 14 ng/1, and then increased 4-fold 
to 45 ng/1 below the STP. No other organic 
compounds were present at detectable levels in the 
water column. 

Carey et al. (1983) noted increased levels of 
ehlorophenols downstream of the Elmira STP and 
concluded that some, at least, originated in the STP, 
while others more likely originated as groundwater 
seepage from the chemical waste disposal area just 
upstream of the STP. Only a very slight increase in 
245 trichlorophenol (TCP) was noted at station 0002 
during this survey (Table 5), but it also suggests that 
the disposal site and not the STP is the main source 
of this contaminant. A larger increase was noted in 
the levels of 246 TCP at station 0002. This 
compound has previously been linked to the STP 
effluent discharge (Carey et al. 1983). 



3.2 Sediment 

3.2.1 Physical Characteristics 

Results of the sediment analyses are 
presented in Tables 6 to 12. Grain size analysis 
shows that sediments in Canagagigue Creek were 
mainly a sand-silt mixture (Table 6) with sand the 
dominant constituent at stations 0001, 0004 and 
0005, while silt dominated at stations 0002, 0006 and 

0003. Regardless of the higher sand content, 
sediment organic content as measured by TOC 
(Table 7) was high at all stations and was in fact 
highest at station 0003. Solvent extractables, which 
were lowest at station 0003, do not appear to 
contribute to the organic content. However, 
discharge from the sewage treatment plant may be 
a contributing factor to the higher levels of organic 
carbon at station 0003. Silt predominated at 
downstream stations which could account for the 
higher organic content at these stations, though 
contribution from the STP is still likely to be 
substantial. Seasonal changes indicate a tendency 
towards reduction of silt and clay and an increase in 
sand content in the fall, likely due to increased 
discharge (Carey et al. 1983) removing some of the 
finer material. 

Sediment organic content in the spring was 
lower in the upstream areas than at stations 0003, 

0004, and 0005, despite a high silt content. Organic 
content increased 2-fold at upstream stations in the 
fall, while levels at station 0003 decreased. The 



seasonal differences suggest not only discharge 
related changes in sediment organic content, but 
also spatial variability in accumulation of organic 
matter. As the volume of discharge changes in 
streams, the flow dynamics are also altered, 
resulting in changes in depositional and erosional 
patterns. Higher accumulation would likely occur in 
depressions in the stream bottom, and makes 
comparison of different areas difficult. 

Sediment oils and grease were very high at 
both stations 0001 and 0002 in the fall and suggest 
these areas were depositional zones subject to 
accumulation of suspended matter (Table 7). The 
50% increase in solvent extractable levels at station 
0002 suggests an additional contribution to sediment 
levels, possibly through losses from the Uniroyal 
yard, that are contributing to the already high 
sediment levels. No significant contribution was 
apparent from the STP during either sampling 



3.2.2 Metals 

Sediment concentrations of metals were at 
or below the Lowest Effect Level of the draft 
Sediment Quality Guidelines (Persaud ei al. 1990) at 
all stations. Some longitudinal variation in 
concentrations was noted, primarily as increased 
sediment concentrations of many metals below 
stations 0002 and 0006 (Table 7). Seasonal variation 
was generally minor, and sediment metal levels 
fluctuated less than sediment TOC (Figure 2). In 
general, sediment metal levels in the spring 
correlated poorly with sediment organic matter, as 
measured by TOC, and only nickel levels appeared 
related to levels of organic carbon (Table 26). Much 
higher correlations were obtained between sediment 
particle size, namely the silt fraction, and metal 
levels, suggesting that metals were being deposited 
with the silt fraction, but that the silt did not 
comprise most of the organic fraction. It is possible 
that the organic material was comprised mainly of 
coarse organic matter representing generalized 
inputs from the watershed, and not a particular 
source. Levels in the fall correlated somewhat 
better, and significant correlations were obtained for 
a small number of metals (e.g. Fe, As, Al and Ni) 
and sediment TOC. The suggestion from both 
surveys is that sediment metals are not accumulated 
solely in conjunction with the organic fraction of the 
sediments. This is consistent with the observations 
noted in an earlier report on Canagagigue Creek by 
Environment Canada (Carey et al. 1983), which 
found little variation in metal le/els throughout the 



stream. 

During the spring survey, metal levels in the 
sediments appeared to vary only slightly between 
stations. Sediment concentrations at the control 
(station 0001) differed little from concentrations at 
stations 0006 and 0003 (Table 7; Figure 2). The only 
major increases were noted for zinc and manganese 
at stations 0004 and 0005, most likely as a result of 
accumulation of finer sediments in this area. 
Differences in sediment metal levels were slightly 
more pronounced in the fall, though the only change 
was a decrease in the upstream levels of Cr and Hg 
from those in the spring. Concentrations of other 
metals did not show any significant seasonal change. 

Lead was the only metal in sediments that 
was significantly correlated with levels of solvent 
extractables. The implications are that this metal is 
either accumulated/ attracted by sediment oils and 
grease, or, more likely, is deposited within this 
matrix. 

3.2.3 Geochemical Fractionation 

Metals will often bind preferentially to 
different components of the sediment. The 
sequential extraction scheme is an operationally 
defined process that separates the various 
components in the fine-particle (<63 fi) fraction. 
The concentration of metals can be measured in 
each of the following geochemical phases: 

IW - Interstitial Water 

Fl - Cation Exchangeable Fraction 

F2 - Easily Reducible or Carbonate Bound 

F3 - Organic Complex 

F4 - Fe/Mn Oxide Fraction 

Res- Residual Fraction 
The significance of each fraction is discussed in 
Persaud etal. (1987) and Tessier (1979). The results • 
of the geochemical extraction procedure are 
presented in Table 8 and Figures 5 through 14. 

The majority of the metals in the sediments 
appear to be associated with the more resistant 
fractions of the sediment, and, as such, probably 
represent background levels of these metals. At all 
stations, most of the metals were associated 
primarily with the F4 and Residual fractions, with 
only minor amounts in the IW to F3 fractions. 
However, there were some exceptions. 

Andrews (1988) observed the movement of 
zinc in sediment fractions over lime and noted that 
increased residence time leads to an increase in the 
residual fraction as the metal moves through the 



less tightly bound fractions. Evans et al. (1988) 
suggested a similar movement of cobalt in 
sediments. The presence of higher metal levels in 
the IW to F3 fractions, relative to levels in the F4 
and Residual fractions, suggests that the origin of 
the metal concentrations in the sediment is 
comparatively recent. Higher concentrations in the 
IW to F3 fractions also has implications for 
bioaccumulation of metals and this is discussed in 
the next section. 

Levels of aluminum, arsenic, and iron 
showed little variation among sediment fractions in 
the study area. In all cases, levels were highest in 
the F4 and Residual fractions and only minor 
amounts were present in the IW to F3 fractions. 
The data suggests that little input of these metals is 
occurring in the study area and that sediment 
concentrations appear to be due mainly to sources 
in the watershed. 

Chromium in sediments increased 
significantly in the F3 fraction beginning at station 
0002, with a peak at station 0006. The distribution 
suggests that additional Cr is being deposited from 
sources at station 0002 and 0006. 

Copper increased mainly in the F3 fraction 
at, and downstream of, station 0002, while levels in 
the F4 fraction decreased. Since copper 
concentrations in sediments did not vary significantly 
among stations, the changes in the amounts held in 
the various fractions may be due to mobilization of 
Cu in the sediments and adsorption to different 
sediment fractions. Calmano et al. (1988) suggest 
that desorption of metals in sediments may occur, 
with subsequent binding at a relatively more stable 
level, on other sediment surfaces. Cu was found in 
their study to form relatively stable surface 
complexes with organic matter and may reflect a 
general affinity of copper for organic particles. 

Cadmium levels underwent minor 
fluctuations among stations, with the largest 
increases occurring in the F4 fraction. Changes in 
sediment levels therefore could not be related to 
any specific source in the watershed. 

Lead increased mainly in the F4 fraction, 
with the highest levels at station 0002 and 0006. 
Levels in the other fractions showed very little 
change. 

Manganese appears to be held primarily in 
the F2 and F3 fractions and this relationship 
remained relatively unchanged throughout the study 



area. 

Nickel was present in all of the solid 
sediment fractions (Fl to F4) and levels fluctuated 
only slightly among stations. Levels were actually 
lower at stations 0002, 0006 and 0003. Since 
sediment Ni levels were significantly correlated with 
TOC, it appears that Ni also originates from general 
sources in the watershed, rather than specific point 
sources, and accumulates with organic matter. 

Zinc also varied little over the study area, 
though the relative distribution among sediment 
fractions changed, with relatively more Zn in the F4 
fraction at and downstream of station 0002, and less 
in the Residual fraction. 



3.2.4 Organic Compounds 

Sediment concentrations of most organic 
contaminants were generally below detection limits. 
Major exceptions were the high concentrations of 
pp-DDT and its metabolites pp-DDD and pp-DDE 
(Table 9). DDT in sediments increased at station 
0002, and then increased further to very high levels 
at station 0006 (Figure 4). Sediment concentrations 
of pp-DDT exceeded the Severe Effect Level of the 
draft Sediment Quality Guidelines at station 0006. 
The Severe Effect Level is the sediment 
concentration at which a toxic effect would be 
expected that would affect all but the most tolerant 
benthic organisms (Persaud et al. 1990). 
Concentrations gradually decreased downstream, 
though even at station 0005, sediment 
concentrations of pp-DDD, pp-DDT and pp-DDE 
exceeded the Lowest Effect Level of the Sediment 
Quality Guidelines. The Lowest Effect Level is the 
sediment concentration that can affect some 
sensitive benthic organisms. The indications are that 
the Uniroyal Plant is one source of input of DDT at 
station 0002, but that the STP outfall located above 
station 0006 has been, or is, a much larger source of 
DDT. Since process water from the Uniroyal Plant 
is routed through the STP, it is apparent that the 
STP is not entirely effective at removing these 
contaminants. Levels of DDT were lower in the fall 
and suggest that contamination of sediments is not 
evenly distributed but that deposition of the 
compounds has occurred erratically, most likely as 
a function of the river's flow regime. 

Levels of PAH in sediments ranged from 
below detection limits to a high of 540 ppb for 
fluoranthene at station 0002 (Table 10). Levels of all 



PAHs except dibenzo[a,h]anthracene, naphthalene, 
acenaphthene and fluorene increased at station 0002 
relative to station 0001, and in most cases levels 
were highest at this station. The largest increases 
were for fluoranthene, pyrene, chrysene, 
benzo[k]fluoranthene, benzo[b] fluorene and 
benzo[a] anthracene, levels of which were 5-fold 
higher at station 0002 than at station 0001 (Figures 
3a and 3b). Levels at station 0006 were generally 
slightly lower than at station 0002, and sediment 
concentrations returned to near upstream levels at 
station 0005. The majority of the PAH compounds 
seem to originate from a source near station 0002. 

Levels of most other organics were below 
detection limits and no significant sediment 
accumulation of these organic compounds is 
apparent (Table 11). Many of these compounds are 
relatively soluble in water, and a number are also 
volatile and would not be expected to persist for any 
length of time in sediments. 

The slight increase in levels of some of the 
chlorophenols that was noted in the water column 
did not translate into higher sediment 
concentrations (Table 12). Levels of all were below 
detection limits in the sediments. 



2i2 Aquatic Biota Contaminant Analysis 

3.3.1 Benthic Invertebrates 



The geochemical distribution of metals in 
the sediment can directly influence the availability of 
the metals to aquatic organisms. Studies (Luoma 
1983; Smock 1983) have suggested that 80 to 85% of 
an organisms body burden may be acquired by 
adsorption of metals through the integument or 
cuticle (Knowlton et al. 1983) and that the free ion 
concentration in the interstitial water is usually the 
most available phase. However, sediment-bound 
metals may contribute significantly to an organisms 
body burden, depending on the metal, as well as on 
the availability from the sediments. While the 
efficiency of uptake has been shown to be much 
greater from the water phase, as compared to 
efficiency of uptake from ingested matter (Luoma 
1989), the much larger sediment concentrations 
often means that ingestion may contribute 
significantly to organism tissue concentrations of 
certain metals under certain conditions. 

Sorption of contaminants by sediments and 
desorption to the water phase are believed to be 



continuous exchange processes (Stumm & Morgan 
1981). Levels of metals and organic compounds 
available to biota from the water phase (i.e., 
interstitial water) would therefore depend on levels 
available in the solid phases of the sediments. As 
such, in areas of contaminated sediment, even 
minute concentrations in the interstitial water or 
bottom water could contribute significantly to an 
organism's body burden through a more or less 
continuous availability of the contaminant. This 
depends mainly on ease of release from the solid 
fractions to the interstitial water, which appears to 
be the main medium of uptake by aquatic organisms 
(Luoma 1983; McElroy et al. 1989). 

Metal accumulation by benthic biota 
appears to be a complex process that cannot be 
described by any simple relationship between 
sediment or water concentrations, and tissue 
residues. Accumulation is affected by a large 
number of factors, and tissue levels are the sum of 
adsorption from the water, desorption from the 
sediment and absorption from ingested matter. 
Depending on sediment characteristics, the amount 
contributed from each of these processes can vary. 
It is generally recognized, however, that the most 
efficient means of uptake is through adsorption of 
free ions from the water column or those desorbed 
from the sediments. Desorption of metals is itself a 
complex relationship affected by a number of 
physical and chemical factors such as pH, redox 
potential (Eh), organic matter, Fe/Mn oxides, clay 
minerals, and particle size. 

Correlation analysis (Spearman Rank 
Correlation) between tissue metal levels and the 
amounts held in the various geochemical fractions 
yielded poor correlations between body burdens and 
all sediment fractions (Table 27). Metals held in the 
solid fractions (Fl to F4) are generally considered 
to be potentially available to aquatic organisms 
(Persaud et al 1987). Availability decreases 
somewhat from the Fl to the F4 fraction as binding 
strength to the sediments increases and potential for 
release to the water (mainly the interstitial water) 
decreases. Metals bound to the F4 fraction (Fe/Mn 
oxides/hydroxides) are usually unavailable except 
under reducing conditions (Stumm & Morgan 1981). 
Metals held in the organic fraction, though 
potentially available, can also be tightly bound and 
may not be easily removed under the gut conditions 
of most benthic organisms (Luoma 1983). 
Nevertheless, metals held in the Fl to F3 fractions 
are potentially the most available to benthic 
organisms, since these are the most readily 
extractable. 



Metals held in the residual fraction are 
usually not available to benthic organisms nor are 
they readily released to the water. These are the 
most tightly held metals, since they are bound within 
the crystal lattices of minerals (clays etc) and are 
not available under natural conditions. 

Since, in the case of metals, 15-20% of an 
organism's body burden can be acquired through 
ingestion of contaminated sediments, the presence 
of contaminants in the more readily available 
fractions could serve to facilitate uptake and tissue 
concentration by means of digestive processes. The 
presence of metals in these fractions could also 
serve to increase the availability of these metals in 
the interstitial water. 

Biota-sediment concentration ratios are 
presented in Table 12. Since the biota levels are a 
factor of uptake from both sediment and the water 
column (though the contribution from the latter is 
likely to be minor in the case of sediment in-fauna) 
the term bioconcentration has been avoided. For 
sediment in-fauna this ratio can be used as an 
expression of the availability of contaminants from 
the sediments. A high ratio denotes that levels in 
organism tissue were higher than levels in the 
sediments and suggests that availability from these 
sediments is high. It must be borne in mind, 
however, that a high concentration ratio does not 
necessarily imply high tissue levels but merely 
measures tissue levels relative to sediment levels. 

In general, benthic organism tissue metal 
concentrations correlated poorly with sediment 
levels, either in bulk sediments or the geochemical 
fractions. The most significant correlations were 
actually obtained for some of the metals between 
the various geochemical fractions (Table 25). These 
correlations may therefore actually describe the 
most likely sorption - desorption pathways for 
metals in the sediments. Studies by Andrews (1988) 
and Evans et al. (1988) have suggested that, as 
sediments age, there is a net movement of metals 
from the more easily exchangeable fractions to the 
more tightly held fractions, and these statistical 
relationships may be describing this movement. 
Tessier et al. (1984) found similar results with 
metals and benthic organisms. 

Benthic organism tissue concentrations 
could not be related to levels of contaminants in the 
water column, in part because levels in the latter 
were generally very low. Other studies have 
indicated that metals tend to bind to organic matter 



and iron/manganese oxides in the water column and 
that most of the contaminant load is rapidly 
transported to the sediments (Sigg et al. 1988). 

It has yet to be proven that no differences 
exist in contaminant uptake among different species 
and therefore, only the tissue levels in oligochaetes, 
which were the only organisms consistently found at 
all stations, are compared. Since some of the 
organisms listed in the tables spend most of their 
aquatic life history in the water column (e.g., 
dragonflies and some leeches) only oligochaetes can 
be considered as truly sediment-dwelling species and 
the only ones exposed most fully to sediment-bound 
contaminants. 

Invertebrate tissue residues were generally 
lower than sediment concentrations for. most metals 
when calculated on a wet weight basis (Table 14). 
However, tissue residues were most often highest at 
station 0002. The lack of any significant correlations 
between sediment fractions and tissue residues, and 
the strong correlations between sediment particle 
size, and, to a lesser extent, sediment organic matter 
and some metals suggests that availability is strongly 
affected by sediment organic content. As shown in 
Table 12, only a few of the metals were 
concentrated in benthic organism tissues to higher 
concentrations than in the sediments. 

Levels of arsenic in invertebrate tissues, 
when calculated on a dry weight basis and corrected 
for gut contents, were significantly higher than 
sediment levels at all stations (Figure 15a). Total 
tissue concentrations differed only slightly between 
stations and suggests that availability from the 
sediments did not differ significantly. However, no 
relationship between bulk sediment concentrations 
and tissue levels could be obtained (Table 27). 
Tissue-sediment concentration ratios were greater 
than 3 at the control and increased to nearly 9 at 
station 0003 (Table 13). Arsenic was apparently 
being concentrated to much higher levels in tissues 
downstream of the STP, even though sediment 
levels were the same, or lower than, upstream 
levels. 

Tissue residues of zinc also increased 
significantly in relation to sediment levels at 
locations downstream of the control. Total tissue 
concentrations were significantly higher at station 
0002 (approximately 3.5 times higher than at station 
0001) and returned to near upstream levels at 
stations further downstream. Tissue concentrations 
calculated on a dry weight basis and corrected for 
gut contents increased to nearly 4 times the 



sediment levels at station 0002 before dropping to 
upstream levels at station 0004. Since bulk sediment 
levels bad not increased significantly at station 0002 
as compared to station 0001, this increase seems to 
be due mainly to greater availability from the 
sediments. 

Tissue lead levels also increased at station 
0002 (Figure 15d), as did levels of copper (Figure 
15c) and cadmium (Figure 15b). The increase in 
tissue residues was disproportionately higher than 
the increase in sediment levels at this station. Lead 
levels in tissues at station 0002 were approximately 
2 times higher than at station 0001 and suggests that 
sources at station 0002 are contributing to higher 
tissue lead levels. Since tissue lead levels also 
increased in all fish species (see next section), lead 
levels in the water column, rather than sediment 
bound lead, may be the principal source to the 
aquatic organisms. In the case of copper and 
cadmium, sediment levels were actually higher at 
stations 0003 and 0004 (Figures 15c and 15b). Tissue 
levels of all three metals, however, were lower at 
these two stations, indicating that the metals were 
not as readily available from the sediments as at 
station 0002. Major increases in concentrations of 
all three metals occurred in the F4 fraction, which 
should theoretically be less available to benthic 
organisms than the other fractions. For example, 
higher concentrations of lead were available in the 
F3 and F2 fractions at station 0006, but tissue levels 
were much lower than at station 0002. 

Mercury levels in tissues did not vary 
greatly, though organisms downstream (0003, 0004 
and 0005) did have higher tissue residues than those 
upstream (Figure 18). Tissue-sediment 
concentration ratios were highest at station 0001 
and 0003 (Table 13). Mercury concentrations in 
sediments did not vary greatly between stations, and 
benthic organism tissue residues appear to be 
related more to the relative availability from the 
sediments than to actual sediment concentrations. 

Tissue residues of the remaining metals 
(Al, Fe, Mn and Ni) were below sediment levels, 
though most did show a slight increase in organisms 
downstream (Table 14). In most cases, downstream 
levels were not significantly different from the 
upstream control. 

Levels of organic compounds in 
oligochaetes were generally below detection limits, 
though higher levels did occur in some isolated 
instances, mainly in levels of DDT and metabolites 
(Table 15). However, tissue levels of these were still 



very low considering the very high sediment levels 
and suggests that these are generally unavailable to 
benthic organisms. 

Tissue levels of other organics were below 
detection limits (Table 16) and indicate no 
accumulation of these compounds has occurred. 

Tissue levels of some of the chlorophenols, 
which were detected in water but not in sediments, 
were also detected in oligochaetes at some stations. 
Levels of 345 and 246 trichlorophenol were above 
detection limits at stations 0002 and 0006, as were 
tissue levels of pentachlorophenol (PCP) (Table 17). 
Levels further downstream were generally below 
detection limits. The presence of chlorophenols in 
both the water and oligochaetes suggests that water, 
and not sediment concentrations, are the primary 
route of uptake. Detectable levels appear to be 
confined to the area at and below the Uniroyal site. 



3.3.2 Bottom-Dwelling Fish 

Comparison of tissue residues in fish was 
considerably more difficult due to the variety of 
species tested in the river. No one species of fish 
was caught at all stations and, though all were 
bottom feeders, they varied in their method of 
feeding. Therefore, only similar species are 
compared, though a general overview is also 
attempted. 

White suckers generally accumulated higher 
copper levels than the other species (Table 18). 
While these were caught only at downstream sites, 
tissue levels were higher than in other fish caught at 
the same locations. Shiners and dace also showed a 
slight increase in Cu levels downstream. The higher 
levels in suckers may be related to their feeding 
habit, since these fish generally feed on bottom 
dwelling organisms, disturbing the sediments as they 
feed. 

Tissue levels of chromium among the three 
species were contradictory. The tissue levels in dace 
increased slightly at downstream locations, while 
levels in shiners decreased. Levels in suckers did not 
appear to change among stations, though no 
upstream control was available for this species. 
Nevertheless, Cr does not seem to be highly 
available to fish from the sediments. 

Considerable variation in tissue levels of 
mercury was also noted among the three species. 



While dace at station 0005 had slightly higher levels 
of Hg than at the control (station 0001), shiners 
showed considerably higher levels at all downstream 
locations. Suckers had consistently lower levels than 
either the shiners or the dace. Evidently mercury is 
being accumulated in the tissues of some species of 
fish, though the origins of the mercury are not clear. 
The higher levels in the shiner suggest the water 
column as the main source, rather than the 
sediments, though whether the levels in the water 
column are due to desorption from the sediments 
cannot be determined. 

The highest cadmium levels were found in 
suckers at those stations closest to Elmira and 
decreased further downstream. Levels in the other 
two species yielded lower tissue levels in 
downstream fish than at the control. The data 
suggests that the contribution of sediments to the 
total cadmium tissue residues in fish is relatively 
minor. 

Nearly all fish showed an increase in iron 
levels downstream of the control, though this could 
be due to uptake from the water rather than from 
the sediments. Sediment levels showed little 
variation in either bulk levels or in levels in the 
various geochemical fractions. 

An increase in lead levels was noted in all 
species at downstream stations, with the highest 
levels occurring at station 0004 and 0005 in all fish. 

Arsenic levels showed no pattern of 
increase similar to the benthic invertebrates. Tissue 
levels in fish caught at the control were similar to 
tissue levels in fish caught downstream and levels 
appeared to be highly viiriable, depending on the 
individual fish. For example, both the highest and 
lowest tissue concentrations were obtained from 
white suckers caught at station 0002. 

Zinc was generally not accumulated to 
higher levels in any of the fish species downstream. 
The highest tissue levels were found in shiners, (this 
was the only species that showed any change in 
body burdens) and this fish was caught at station 
0001. 

Of the organochlorine pesticides and PCBs, 
a-BHC, endosulfan sulphate, pp-DDE and PCBs 
were detectable in tissues (Table 19). a-BHC and 
endosulfan sulphate were only detected in shiners at 
stations 0003 and 0004. Both compounds were 
below detection limits in the sediments and water 
column so that the specific source, water or 



sediments, cannot be determined. The literature 
does suggest that desorption from the sediments can 
be a significant route of uptake for organochlorine 
compounds. 

Tissue levels of pp-DDE, a metabolic 
product of the breakdown of DDT and DDD were 
elevated to relatively high levels in shiners at 
stations 0006, 0003 and 0004. Levels of DDT and its 
metabolites were very high at station 0006 and 
remained high downstream to station 0004. 
Sediment pools, through desorption from the 
sediments as well as food chain transfer, may be a 
significant factor in the accumulation of pp-DDE by 
these fish. Suckers accumulated DDE only at station 
0004. Tissue levels of pp-DDE, in general, were 
highest in those fish caught at stations 0002, 0006, 
0003 and 0004. These elevated levels correspond to 
the highest sediment concentrations of DDT and 
related compounds in the creek. While some of the 
accumulated body burden may be due to ingestion 
of contaminated food items, the generally low levels 
in benthic organism tissues suggests that other 
routes of uptake play a significant role. The seasonal 
variation in sediment levels of these contaminants 
implies that considerable resuspension of sediments 
can occur. This has strong implications for water 
column organisms, since direct exposure of fish 
could be increased during these periods. 

Both shiners and dace had higher tissue 
levels of PCBs at downstream locations, with the 
highest levels occurring at stations 0004 and 0005. 
Sediment levels were below detection limits at all 
stations and direct desorption from the sediments 
to the water would not likely be the main route of 
uptake of these compounds. The consumption of 
contaminated prey (some accumulation of PCBs was 
noted in oligochaetes) may be a significant factor. 

Accumulation of chlorinated aromatics was 
generally low and limited to certain individual fish 
(Table 20). For example, one shiner caught at 
station 0004 had elevated levels of 135 
trichlorobenzene, HCB and 1234 
tetrachlorobenzene, while most others had tissue 
levels below detection limits. 

Fish, like the invertebrates, also 
accumulated pentachlorophenol (PCP) and 246 
trichlorophenol (TCP) in their tissues (Table 21). 
PCP was generally accumulated by all fish, though 
levels in fish caught upstream were as high or 
higher than fish downstream. PCP accumulation 
appears to be consistent throughout this section of 
the river. Whether this is from the sediments or 



water column is difficult to determine since levels 
in both were below detection limits. 

Accumulation of contaminants by fish 
species could not be related to sediment levels of 
contaminants. In many cases, the tissue levels of 
metals in fish were similar or lower than the levels 
in benthic invertebrates. For comparative purposes 
only, all fish data were grouped and the mean tissue 
concentrations were calculated for each station. 
These were compared with the invertebrate 
(oligochaete) tissue levels and the results are shown 
in Figure 16. Tissue levels of mercury and zinc were 
generally slightly higher in the fish than the 
oligochaetes. The higher accumulation of these 
metals by fish suggests that food sources may be a 
significant route of uptake, in addition to adsorption 
from the water. Levels of Cu, Cr and Ni were 
similar for both fish and invertebrates and suggests 
that levels in the water column may be a significant 
path of uptake for these metals. The lower levels of 
the remaining metals in fish, as opposed to 
invertebrates, suggests that sediment contaminant 
concentrations can play a role in availability of 
metals to aquatic organisms. 

Fish however, accumulated much higher 
tissue concentrations of the organic compound pp- 
DDE than did invertebrates. The most likely 
mechanism of accumulation for this compound, as 
well as the metals, is through desorption from the 
sediment to interstitial water. Studies have shown 
that levels of contaminants in the interstitial water 
are usually more similar to sediment concentrations 
than to water column concentrations (McElroy et a!. 
1989). In addition, desorption from the solid 
sediment fractions to the interstitial Water could 
provide a more constant supply of contaminants 
than the water column, which would depend 
primarily on autochthonous input. Seasonal changes 
in discharge appear to influence sediment deposition 
and hence, are also likely to affect resuspension, 
with increases likely during periods of peak flow. 
This could strongly influence the availability of these 
compounds in the water column. Such differences in 
exposure could readily account for differences in 
uptake patterns between these two groups of 
organisms. 



3.4 Sediment Bioassay 

The results of the acute toxicity bioassay 
are presented below. The percent mortality over the 
ten day period is shown for both mayflies and 
fathead minnows. 



Station 


Fathead Minnows 


Mavflies 


0001 








0002 


100 


9.1 


0006 








0003 





6.7 


0004 








0005 





6.7 


Control 









Percent mortality can be compared with a 
previously determined "safe value" of 20%. Where 
the results exceed this level, significant mortality has 
occurred. Mortality in the control must not exceed 
10% for the bioassay to be considered valid. The 
results show that the sediments were not acutely 
toxic to mayflies at any of the stations over the ten 
day test period. The highest mortality among the 
mayflies was observed at station 0002 but was low 
and reached only 9%. Mortality reached 6.7% at 
both stations 0003 and 0005, and this can also be 
considered low and could be attributable to other 
causes. No mortality was observed at any of the 
other stations. 

In contrast to the mayfliesy fathead 
minnows exhibited very high mortality in sediments 
from station 0002. This was the only sediment in 
which mortality was observed in these organisms 
and occurred at the 100% level. Sediments from 
station 0002 therefore appear to be highly toxic to 
fathead minnows. 

No cause for the high level of mortality is 
immediately apparent. The only sediment 
parameters that were elevated at station 0002 in 
October of 1987 were levels of DDT and its 
metabolites (Table 9) and sediment oils and grease 
(Table 7). Since levels of the latter were also high at 
station 0001, where no mortality was observed, this 
does not appear to be the major cause. Disturbance 
of the sediments may have resulted in greater 
availability of the DDT compounds in the water, 
though the low mortality in the mayflies suggests 
that this may also have been low. 

Tissue analysis of the organisms still 
surviving at the end of the ten day period show low 
accumulation of most organic compounds in 
mayflies in station 0002 sediments. Tissue levels of 
DDE and DDD were highest in mayflies kept in 
station 0002 sediments (Table 23), and indicates that 
accumulation from the sediments did occur. 
Fatheads generally accumulated higher tissue levels 
of DDD and DDE from downstream sediments 
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than did mayflies and may suggest that high levels 
of these compounds were available to fatheads at 
station 0002. This is consistent with the field data, 
which also showed higher tissue levels in fish than 
in invertebrates. 

Tissue levels of aldrin were also elevated in 
mayflies kept in station 0002 sediments and were 
approximately 8 times higher than in mayflies at 
other downstream locations. Fatheads accumulated 
high levels of aldrin only in those fish kept in station 
0004 sediments. 

Levels of chlorinated organics in mayflies 
and fatheads kept in the experimental sediments 
were not significantly different than levels in those 
kept in the control sediments (Table 24). Both 
mayflies and fathead minnows had detectable tissue 
concentrations of some of the chlorinated aromatics 
(135-trichlorobenzene, 123 trichlorobenzene and 
hexachlorobutadiene). Levels in the control 
sediment animals were not significantly different 
from those kept in the creek sediments and these 
levels likely represent the background body burdens 
of the test population. 

Mercury and cadmium were the only metals 
that were accumulated in mayfly tissues to higher 
levels in the experimentals than in the controls 
(Table 22). Levels of mercury in mayflies 
maintained in station 0002 and 0006 sediments were 
approximately 2 times higher than in those kept in 
station 0001 sediments or the control sediments. 
The highest tissue levels were recorded in station 
0003 sediments, where levels were nearly 10-fold 
higher. Tissue levels in mayflies in station 0005 
sediment were similar to mayflies kept in upstream 
and control sediment. Tissue levels of cadmium in 
the experimental animals did not differ greatly from 
the controls except for station 0006, where one 
sample had levels approximately 50% higher. No 
other metals in mayflies exposed to creek sediments 
were accumulated to levels higher than in the 
control animals. 

Mercury did not appear to be accumulated 
by fathead minnows and levels in the experimental 
animals were similar to those in the controls (Table 
22). Tissue levels of cadmium were higher in some 
of the experimentals. While levels in fatheads 
maintained in station 0001 sediments were higher 
than those in the controls, levels in those kept in 
station 0006 and 0003 sediment were approximately 
30% higher still. Tissue levels of lead were also 
higher in those kept in station 0006 sediments, 
though levels at the other stations were similar to 



those in the control animals. Manganese levels were 
also elevated in most of the test fish, and only those 
kept in station 0003 sediments had levels similar to 
the control fish. The increased uptake of Mn at the 
other stations may be related to the relatively high 
levels of Mn that were present in the more available 
sediment fraction (Fl to F3), which under the test 
conditions may have become more available in the 
water column. 

It appears from these data that only some 
of the metals and the DDT group of chemicals were 
concentrated by the test animals to levels higher 
than those in the control sediments. Levels in 
benthic invertebrates and fish collected in situ from 
the creek (see preceding section) were generally 
similar to the test results and suggests that the 
observed body burdens in the field populations were 
acquired under similar conditions of exposure and 
uptake. Temporal variation in flow could disturb the 
sediments and result in resuspension of this 
material. Under such conditions, the contaminants 
in the sediments may be more readily available for 
uptake by aquatic organisms, particularly the water 
column organisms such as fish. 



3.5 Benthic Community Analysis 



Results of the benthic analyses are 
presented in Tables 28 and 29. The benthic fauna at 
all stations was characterized by a predominance of 
oligochaetes and chironomids and throughout the 
study area the creek appears to be organically 
enriched. The oligochaete fauna at all stations was 
comprised mainly of Limnodrilus hoffmeisteri and 
Tubifex tubifex, both of which are common species 
in organically enriched areas (Brinkhurst & 
Kennedy 1965; Kennedy 1965). At all stations they 
comprised over 80% of the total benthic fauna 
(Figure 17). The predominance of this group of 
organisms could be directly related to the high 
organic content of the sediments. 



Station 0001, located upstream of the 
industrial site in the town of Elmira, served as the 
control. Benthic diversity here was low and the 
Limnodrilus hoffmeisteri and Tubifex tubifex 
community dominated the fauna (Table 29). These 
formed 96% of the total density and 99% of the 
biomass (Table 28). The only other organism 
present in any significant density was Chironomus 
sp. Both Chironomus and the oligochaetes are 
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associated with fine organic sediments and their 
presence in such profusion in this area is most likely 
due to higher sediment organic levels (Buscemi 
1966). 

Station 0002 showed a significant increase 
in invertebrate density, the total number of 
organisms being slightly more than double the 
density at station 0001. This difference is apparently 
not directly related to the sediment organic levels 
which were very similar to station 0001. 

Station 0006, located near the sewage 
treatment plant, yielded densities and biomass 
values close to those observed at station 0001. 
Despite the proximity of the STP, sediment organic 
levels were slightly lower at this station than at the 
preceding two stations. Again at this station, the 
sediment feeding species, comprised mainly of 
oligochaetes and chironomids, were the dominant 
forms. Station 0006 also had the highest sediment 
levels of DDT though this has apparently had no 
effect on the benthic fauna. 

Located ca, 100 m downstream of the 
Sewage Treatment plant, station 0003 had the 
lowest overall density of organisms (Table --) which 
amounted to approximately half the density at 
station 0001. Biomass values however were only 
25% of those at station 0001 indicating that the 
fauna, comprised almost entirely of oligochaetes 
(Limnodrilus spp.), grew to a smaller size than the 
worms at any of the other stations. Since sand 
comprised a large fraction of the substrate at this 
station, these changes in the physical environment 
could also affect the benthic community and 
contribute to both the lower density of organisms 
and the reduced size of the individuals. Johnson et 
al. (1987) found that sediment texture and organic 
content were the most important abiotic factors 
influencing the distribution of fine sediment feeders 
such as the oligochaetes. Contaminant levels in 
either the sediments or the water column do not 
appear to be the major factor since levels of most 
parameters were lower than at station 0006, which 
yielded a larger fauna. However, the possibility 
exists that, due to proximity to the STP outfall, full 
mixing of the water column had not occurred at 
station 0006 and that the effects observed are due to 
water column and not sediment effects. 

While stations 0002, 0006 and 0003 were all 
located close to each other at the western end of 
Elmira, station 0004 was located approximately 2.5 
km. downstream and well away from the town. The 
high organic levels of the sediments and the 



similarly high densities and biomass values at station 
0004 indicate that a generally high level of 
enrichment is common for much of the lower 
reaches of Canagagigue Creek. This area of 
southern Ontario is under intensive use from 
agriculture, and has been for at least 100 years. 
Organic pollution from agricultural sources seems 
the most likely cause of the high density of fine 
sediment feeders such as Limnodrilus spp and 
Tubifex tubifex, not only at this station but 
throughout the lower stretches of the stream. 

Located furthest downstream, station 0005 
Was similar to station 0004 though densities were 
considerably reduced. As at the upstream stations, 
the fauna was almost exclusively Fine sediment 
feeders of which Limnodrilus hoffmeisteri was the 
most common. There appears to be no obvious 
cause of the lower density or biomass of organisms 
at this station since sediment organic and 
contaminant levels differed little from station 0004. 
The discontinuous nature of invertebrate 
distributions is presumed the major cause of this 
difference. 

Canagagigue Creek, according to its benthic 
fauna, can be broadly categorised as organically 
enriched. The fauna at all stations was one typical of 
areas high in organic matter and was comprised 
mainly of the oligochaetes, of which Limnodrilus 
hoffmeisteri was the most common. Since the 
organic levels were high throughout the study area 
the indications are strong that agricultural activity in 
this area over the past 100 years or more has been 
the main cause of the organic input, since no 
specific source of this material was evident. 

Beckett & Keyes (1983) note that toxic 
chemicals (mainly organic chemicals) exert a stress 
on a benthic community that is usually manifest as 
a reduction in both density and diversity of all the 
benthic groups. Winner et al. (1980) found similar 
results in relation to heavy metal contamination. 
The reduction in density and diversity at station 
0003 is most likely due to the STP inflow which 
contributes higher levels of chloride, sulphate and 
ammonium to the water column. Effects of 
sediment contaminants were absent in Canagagigue 
Creek and the fauna responded in a manner typical 
of organically contaminated areas. It should be 
noted however that the fauna found in this study 
area is one that is often more tolerant of other 
contaminants as well (Chapman et al. 1982a, 1982b). 
The high levels of DDT and DDD at station 0006 
and to a lesser degree, stations 0002 and 0003 also 
had little apparent effect, apparently due to 












availability from the sediments. 

Biotnass 

Changes in biomass mirror the changes in 
the density and diversity of benthic organisms as 
noted in the previous section (Table 28). The high 
biomass at station 0001 was concentrated in the 
oligochaetes which accounted for 99% of the total. 
Since this station served as the upstream control, 
these levels can be taken as typical of the creek. 
The high oligochaete biomass indicates that the 
stream is highly productive due to the input of 
organic matter. The high biomass also indicates that 
the available organic matter is readily utilized by the 
benthic organisms. Average weight of individual 
worms was 2.7xl0~ 3 gms. 

Both density of organisms and biomass 
were greater at station 0002 and oligochaetes 
formed 84% of the biomass. Individual weight of 
worms though was lower (mean weight = 1.8xl0* 3 
gms) and indicated a more rapid growth due to the 
greater availability of food. Competition among an 
apparently expanding population is also a likely 
factor in the smaller size of the individuals. 

Biomass was lower at station 0006 than at 
station 0002. A higher sand content than at the 
control is likely the main cause of the lower biomass 
and the smaller size of the individuals, which 
occurred despite the greater density of organisms. 
The more diverse fauna would also help to limit the 
growth of the worm population through competition 
for resources. 

Station 0003, in a predominantly sandy 
area, had the lowest density and the smallest 
individual size of oligochaetes (mean weight = 
1.2xl0" 3 gms). This can be directly attributed to the 
lower organic content of the sediments which would 
serve to severely limit the growth of the 
oligochaetes. 

Stations 0004 and 0005 both had higher 
densities though individual weights were both 
approximately equal to those recorded at station 
0002. The higher organic content of the sediments 
is readily transmitted to the oligochaete population 
and is apparent mainly as increased density of the 
population. The mean size of individual worms 
however was lower than at the upstream control. 

Brinkhurst & Kennedy (1965) and 
Kennedy (1965) have noted that in relatively warmer 
waters such as shallow areas of stream and lakes, 



organic enrichment results in an increase in the 
reproductive rate of oligochaetes and that often the 
faster development rate of the individuals results in 
individuals of smaller size that reach reproductive 
age sooner than in unenriched populations. The 
addition of organic matter at the stations below the 
control appears to be having just such an effect in 
Canagagigue Creek. 



4. 



DISCUSSION 



The Uniroyal Ltd. chemical plant, located 
in the town of Elmira, is the site of a toxic waste 
disposal site at which numerous chemicals, among 
them dioxins, DDT, mercury, lead and cadmium, 
have been buried there for some time. No evidence 
of contamination of the surrounding soil has been 
found. The drums containing the waste were 
removed in late 1987. The plant has, in the past, 
produced a variety of specialty chemicals, among 
which are included a number of pesticides. 

The data from this survey indicate that 
levels of DDT, some of the chlorophenols and a 
number of the PAHs were higher in the sediments 
downstream of station 0002, located near the 
Uniroyal site. Levels of some of the metals, while 
slightly elevated, were not significantly higher than 
upstream areas. 

A far more noticeable impact on water and 
sediment quality could be ascertained below the 
Elmira Sewage Treatment Plant, located just 
upstream of station 0006. The sewage treatment 
plant effluent has apparently contributed to very 
much higher levels of sodium, chloride and fluoride 
as weD as increases in suspended matter and 
conductivity in Canagagigue Creek, Probably due to 
the relatively low volume of flow, these high levels 
persist for a considerable distance downstream. 
Carey et al. (1983) observed that during low flows, 
the STP effluent can comprise up to 10% of the 
total stream flow. While levels had decreased by 
station 0005, at the downstream limit of the study 
area, these had not returned to upstream levels. 
Though data for metals was generally lacking, the 
STP effluent generally did not contribute to elevated 
levels of any of the organic compounds in the water 
column. The increased levels of chlorophenols 
appeared to be related more to sources near station 
0002 than the STP. 

Sediment particle size and organic matter 
content were highly variable, both among the 
different stations and at the same stations during 






the different seasons. This variability most likely 
reflects variations in the flow regime of the river, 
which can fluctuate considerably from spring run- 
off maxima to summer minimum flows (Carey et at. 
1983). The uneven distribution of fine sediments 
also indicates that different sections of the stream 
bed are subjected to different erosional forces at 
different times of the year, resulting in shifting 
pockets of accumulation. 

The distribution of metals in the sediments 
underwent little change longitudinally, with 
upstream levels generally similar to downstream 
levels. Most of the variation could actually be 
accounted for by the changes in sediment type, 
specifically by changes in the silt content, and, to a 
lesser extent, changes in the organic matter content. 
The Elmira STP did not appear to contribute to 
sediment metal concentrations. The presence of 
most metals in the more resistant chemical fractions 
suggests that inputs are not recent and not from a 
local source. Andrews (1988) and Evans et al 
(1988), in studies on the movement of zinc and 
cobalt respectively, have suggested that as sediments 
age the movement of metals is from the more easily 
exchangeable fractions lo the more tightly held 
fractions. Since the distribution of most metals 
among the various sediment fractions changed only 
slightly, this suggests that recent or localized inputs 
were lacking. If metals had been deposited in the 
sediments from local sources, studies suggest they 
should have been present mainly in the F3 and 
other more readily exchangeable fractions, and less 
so in the residual fractions, at least in the areas that 
were close to the sources of input. 

Organic contaminants were generally below 
detection limits, though a few parameters can be 
linked to local sources of input. Levels of DDT and 
its metabolites were elevated below the Uniroyal 
site and increased again to very high levels at station 
0006. Levels of ppDDT at station 0006 exceeded the 
Severe Effect Level of the Sediment Quality 
Guidelines and could be expected to have a 
pronounced effect on the benthic community. Since 
this site was below both the Uniroyal Site and the 
STP, the exact origin of these compounds in the 
sediments is uncertain, though the main impact 
appear due to the STP. Levels decreased with 
distance downstream, but nevertheless show that 
stream sediments contain high levels of these 
pesticides. This is not too surprising, since the 
affinity of these highly stable compounds for 
sediment organic matter has been well 
demonstrated (e.g. Oliver & Charlton 1984; Smith 
et al 1988). 



Sediment concentrations of a number of 
PAH compounds were higher below the Uniroyal 
plant (station 0002). The largest increase was in 
those PAHs that are, for the most part, 
anthropogenic in origin, with the most likely source 
being surface runoff from the urbanized and 
industrialized areas (Wakeham et al. 1980). Levels 
increased significantly at station 0002, and, at 3J6 
Mg/g total PAH, exceeded the Lowest Effect Level 
Guidelines of the draft Sediment Quality Guidelines 
(Persaud et al. 1990). Concentrations of total PAH 
at station 0006 also slightly exceeded these 
guidelines, suggesting that some effect on sensitive 
benthic organisms could be expected. 

Concentrations of other organic compounds 
were generally below detection limits. The presence 
of chlorophenols in the water column, as noted 
earlier, did not translate into higher levels in the 
sediments. Sediments therefore do not appear to be 
a major reservoir for chlorophenols and this may be 
due to the relatively greater solubility of these 
compounds in water or a more rapid metabolism 
and breakdown in sediments. 

Geochemical fractionation suggests that 
many of the sediment metals originate in the 
watershed and are not related to specific sources. 
However, it must be borne in mind that the 
geochemical fractionation of the sediments by the 
sequential extraction procedure merely measures the 
sediment bound metals in operationally defined 
extractable phases and these may not necessarily 
reflect the natural distribution of metals in 
sediments. Therefore, while the extraction 
procedure can be useful in providing an indication 
of the distribution of metals in various sediment 
phases, these are not necessarily indicative of the 
available concentrations of these metals to either 
the interstitial water of biota. 

Levels of contaminants in aquatic organisms 
were generally low. Tissue metal concentrations in 
benthic invertebrates, calculated on a dry weight 
basis and corrected for gut contents, showed that 
mercury copper, cadmium, zinc and arsenic levels 
generally exceeded sediment levels, With the 
exception of Cd, tissue levels exceeded sediment 
levels at both upstream and downstream stations. 
For all metals except mercury, the concentrations in 
tissues relative to sediments increased at station 
0002. The ratio of tissue levels to sediment levels 
was highest at station 0003, below the Elmira STP 
and may reflect the additional inputs from this 
source. There is no data available to verify whether 






losses of metals occur from the STP. 

Tissue levels of contaminants in benthic 
invertebrates could not be related to levels in the 
water column or to either bulk sediment levels (all 
contaminants) or levels in the geochemical fractions 
(metals). In part this is due to the fact that the 
mechanisms of contaminant uptake by biota in 
natural systems are not yet fully understood. In 
addition, the analysis was hampered by the physical 
characteristics of the study area. The high energy 
environment that characterizes most flowing water 
means that sediments deposited in this area are 
subject to considerable re suspension and deposition 
of fine-particulate matter due to current action. 
Therefore, changes in sediment contaminant 
concentrations can occur both temporally and 
spatially as a result of purely physical processes. 
This presents difficulties in relating sediment 
concentrations with concentrations in organism 
tissues. The latter would represent concentrations 
accumulated over the lifetime of the individual, 
while sediment concentrations would be 
accumulated over an unknown time period, which 
may vary from hours to months or years. 

Accumulation of organic compounds by 
benthic organisms was negligible, with most being 
below detection limits. No accumulation of DDT 
compounds to any significant levels was observed, 
despite locally high sediment concentrations. Higher 
tissue levels of some compounds did occur in 
isolated cases and suggests that these may be locally 
more available. In general, bioaccumulation of these 
compounds seems to be due primarily to availability 
from the sediments, which in turn is governed by 
their solubility and fugacity (the tendency of a 
compound to leave one compartment and move to 
another). Literature to date indicates that sorption 
of these compounds is primarily from the dissolved 
phase and that sediments act principally as either 
reservoirs for desorption to the water phase 
(McElroy et al. 1989; Smith et al. 1988) or as sinks. 
Knezovich et al. (1987) have suggested that the rate 
of desorption of organic compounds decreases with 
residence time in the sediments and that desorption 
may also decrease in fine-grained sediments, 
perhaps due to the greater number of adsorption 
sites and the decrease in sediment pore water 
volume. Desorption from the sediment solid phases 
would tend to result in increased concentrations in 
the interstitial water, increasing the potential for 
biological uptake. The low tissue concentrations in 
organisms in Canagagigue Creek, despite higher 
sediment levels, suggests that desorption from the 
sediment solid phases does not occur readily and 



suggests that these compounds were more firmly 
bound to sediment components. 

Chlorophenols, though present in the water 
column were not detected in sediments. However, 
low concentrations were found in some benthic 
organisms. The relatively higher solubility of the less 
chlorinated species would tend to favour higher 
water column levels and sediment accumulation of 
these compounds would generally be low. The more 
highly chlorinated species (e.g. PCP) had they been 
present would more likely have accumulated in the 
sediments. 

No clear conclusions could be drawn 
regarding the contribution of sediment contaminants 
to fish tissue concentrations. The analysis of fish 
tissues in relation to sediment contamination 
presents considerable difficulties. Firstly, fish are 
highly mobile in relation to benthic organisms, and 
relating tissue residues to sediment concentrations 
in any one area is problematic. Secondly, bottom 
feeding fish can accumulate contaminants from two 
different media. They can acquire contaminants 
from the water column, through sorption onto 
external body surfaces, and they can also acquire 
contaminants through the ingestion of contaminated 
food items. It is at present difficult to differentiate 
the body burdens acquired from the sediment from 
the amount acquired from the water. Therefore, 
while fish provide an excellent means of assessing 
they biological availability of contaminants in a 
waterbody, they are unable to provide much insight 
into the availability of contaminants from specific 
sources such as the sediments. The use of sediment 
in-fauna appears to be a more appropriate means of 
assessing contaminant availability and uptake from 
sediment since these organisms are for the most 
part relatively sessile. Their virtually continuous 
exposure to sediment contaminants through 
ingestion of the solid phases as well as through 
surface adsorption from the interstitial water 
suggests that the contribution of contaminants from 
the dissolved phase in the water column would be 
minimal. 

Laboratory bioassays generally indicated 
that sediments in the study area were not toxic to 
biota with the exception of the high mortality of 
fathead minnows in station 0002 sediments. The 
only potential cause for this high level of mortality 
that can be determined from the existing data would 
be the elevated sediment levels of DDT and its 
metabolites. Further testing should be able to verify 
these observations. Bioaccumulation during the test 
period was high for these compounds and suggests 



that disturbance of the sediments can make these 
more available to aquatic organisms, perhaps by 
increasing the amounts available in solution. 
Bioaccumulation of other contaminants was 
generally low but that levels in tissue did increase 
slightly downstream of the control. These results 
suggest that most of the metals were tightly bound 
to the sediments and were unavailable to biota. The 
slight increase in tissue levels of some of the organic 
compounds suggests that availability of these to 
biota is primarily dependent on desorption from the 
sediments. The data further suggests that during 
periods of sediment disturbance, such as peak flows, 
availability could be enhanced. 

While laboratory conditions (i.e. mixing, 
aeration of water) can affect the results of bioassays, 
bioassays can be used to verify the field 
observations. Over time sediment bioassays may 
become a useful surrogate for field collection of 
data, though this as well depends on the 
development of mechanistic models for transport 
and accumulation of contaminants in aquatic 
systems. 

Benthic studies indicate that Canagagigue 
Creek, at least in the study area, has been heavily 
impacted by agricultural activity within the 
watershed. The benthic community both upstream 
and downstream, was indicative of organically 
enriched conditions. The dominant fauna in all cases 
was the species L. hoffmeisteri, a typical inhabitant 
of organic rich sediments. Since L. hoffmeisteri is 
also among the most tolerant to chemical 
contamination, effects from sediment organic matter 
and sediment contamination cannot be separated. 

The significant reduction in population 
density of benthic organisms observed downstream 
at station 0003 can be attributed to discharge from 
the Elmira STP. However, the effects appear to be 
due to water column effects rather than sediment 
effects. Levels of all contaminants at station 0003 
were generally lower th;m at station 0006. While 
levels of ammonium, sulphate, sodium, and chloride 
were higher at station 0006, it is possible that 
incomplete mixing has occurred and that the full 
effects were not felt on the bottom-dwelling 
organisms. The effect does appear to be localized to 
station 0003. Downstream stations, due to higher 
accumulation of organic matter had significantly 
larger populations of oligochaetes. 

Only generalized conclusions can be derived 
from studies based on benthic communities. 
Responses on the community level are the 



combined effects of both natural environmental 
factors (i.e., substrate type, depth) and introduced 
factors (organic and inorganic contaminants, organic 
matter and physical alterations) and it is extremely 
difficult to isolate the effects of changes in one 
phase (e.g. sediment contaminant concentrations) 
except where such changes have had a pronounced 
effect. 



5. 



CONCLUSIONS 



Based on the results of the study, the 
following conclusions can be drawn. 

1. The Elmira STP is contributing phosphorus, 
chloride, sulphate, ammonium and nitrite to 
the river. Bottom water concentrations 
decreased with diustance downstream, but 
levels were still above background 3 km 
downstream. 

2. Organic contaminant concentrations in bottom 
water were below detection limits for most 
parameters, though increases in concentration 
of some of the chlorophenols was noted below 
the Uniroyal site. 

3. Sediment concentrations of some metals 
increased below the STP (copper and 
chromium) and the Uniroyal site (lead). 
Sediment metal concentrations were slightly 
higher where TOC concentrations were also 
higher. 

4. Concentrations of most organic compounds 
were below detection limits in the sediments 
with the exception of DDT and its derivatives 
DDD and DDE. Sediment levels of these were 
very high in the spring and may be a reflection 
of material introduced with the spring runoff. 
Levels were lower in the fall, but still well 
above the upstream levels, suggesting the 
bottom is not thoroughly scoured and residual 
deposits may remain for some time. Sediment 
levels were highest at the STP site in the spring 
(6,030 ug/g pp-DDT) and exceeded the Severe 
Effect Levels of the proposed Provincial 
Sediment Quality Guidelines immediately below 
the STP. However, an increase in the levels in 
sediment was first detected at the Uniroyal site. 
Levels were highest in sediments at the 
Uniroyal site in the fall (300 ng/g pp-DDD). 

5. Chorophenols were detected in the water 
column below the Uniroyal site. Chorophenol;s 



were not detected b the sediments at any of 
the stations. 

6. Sediment concentrations of a number of PAH 
compounds were substantially higher below the 
Uniroyal site, and total PAH exceeded the 
Lowest Effect Level of the proposed Provincial 
Sediment Quality Guidelines. Sediment 
concentrations decreased downstream. 

7. Benthic organism tissue residues of arsenic, 
copper, cadmium, mercury and zinc exceeded 
sediment concentrations at one or more 
stations. Zinc, cadmium and mercury tissue 
residues were higher than sediment 
concentrations below either the STP or the 
Uniroyal site. Copper and arsenic tissue 
residues were higher than sediment 
concentrations at all stations. 

8. Organic compounds did not bioaccumulate to 
any significant degree in benthic organisms. 
Concentrations of DDT and related 
compounds, though very high in sediments, 
were low in benthic organisms. 

9. No significant increases in tissue metal 
concentrations could be detected in bottom- 
feeding fish collected in this study. 
Accumulation of pp-DDE did occur in one 
species downstream of the STP, 

10. Laboratory sediment bioassay results on 
fathead minnows suggested the presence of a 
toxic effect in the sediments from the Uniroyal 
site. A likely candidate may be an organic 
contaminant such as one of the DDT group of 
compounds. This warrants further investigation. 

11. Bioaccumulation of a number of contaminants 
occurred in both fathead minnows and mayflies 
during laboratory tests on sediments from areas 
downstream of the control. Disturbance of the 
sediments appears to increase the availability of 
some of the contaminants. 

12. Effects of sediment contamination on the 
species composition and density of the benthic 
community could not be differentiated from 
other effects. A suppression of both organism 
density and diversity were noted below the STP 
outfall, and these can be attributed to a 
combination of sediment type and the 
concentrations of contaminants in the water. 
The benthic community in general appears to 
be strongly influenced by the presence of 



organic matter, (likely a result of agricultural 
activity within the drainage basin), which 
obscures any potential effects from 
contaminants. 



6. RECOMMENDATIONS 

The high levels of DDT and its metabolites 
DDD and DDE raises some concerns and efforts 
should be made to properly identify the sources. 
Selected stations should be revisited periodically to 
determine whether the sources are being cleaned 
up. 

The most useful remedial action would be 
an effective control of contaminant sources. While 
sediment concentrations of DDT are high, these do 
not appear to be available for uptake by organisms, 
and thus do not pose an immediate threat to 
organisms. Therefore, removal and disposal of 
sediment should be carefully evaluated to ensure 
that this does not pose more of a threat to aquatic 
organisms than leaving the sediments in place. 
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8. Figures 




Fig 1. Canagagigue Creek 

Location of Sampling Sites 
May, 1 987 
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Fig. 2a. Sediment Metal and TOC Concentrations 

Canagagigue Creek 

May-June, 1987 
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Fig. 2b: Sediment Metal and TOC Concentrations 

Canagagigue Creek 
October, 1987 
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Fig. 5a: Distribution of PAHs in 
Canagagigue Creek Sediments 

( ] ppb dry wsighl 




000 1 0002 0006 0003 000* 0005 
Station No 

I I 8*rvso[o]uniivrac«cvn [MSI Phtnanrhrtna E 



Fig. 3b: Distribution of PAHs in 
Canagagigue Creek Sediments 

[ ] ppb dry woighl 
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Fig. 4: Sediment Distribution 
of pp-DDT and Metabolites 
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Figure 5: Geochemical Distribution of Aluminum in Sediment 
(wet weight) 




Figure 6: Geochemical Distribution of Arsenic in Sediment (wet 
weight) 




Figure 7: Geochemical Distribution of Chromium in Sediment 

(wet weight) 




Figure 8: Geochemical Distribution of Copper in Sediment (wet 
weight) 
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Figure 9: Geochemical Distribution of Cadmium in Sediment 

(wet weight) 




Figure 10: Geochemical Distribution of Iron in Sediment (wet 
weight) 




Figure 11: Geochemical Distribution of Lead in Sediment (wet 

weight) 
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Figure 12: Geochemical Distribution of Manganese in Sediment 
(wet weight) 
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Figure 13: Geochemieal Distribution of Nickel in Sediment (wet 

weight) 




Figure 14: Geochemieal Distribution of Zinc in Sedimeni (wci 
weight) 



Fig. 15a: Sediment-Invertebrate Arsenic 
Levels - Canagagigue Creek 
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Fig. 15b: Sediment-Invertebrate Cadmium 
Levels — Canagagigue Creek 

[Cd] ug/g 
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Fig. 15c: Sediment-Invertebrate Copper 
Levels — Canagagigue Creek 

[Cu] ug/g 
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Fig . 1 5d: Sediment-Invertebrate Lead 
Levels - Canagagigue Creek 
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Fig. 16a: Fish-lnvertebrale Arsenic 
Levels in Tissue 
[ ] <jg/g 
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Fig. 16c: Fish-Invertebrate Copper 
Levels in Tissue 
[ ] ug/g 
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Fig. 16b: Fish-Invertebrate Cadmium 
Levels in Tissue 
[ I ug/g 
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Fig. 16d: Fish — Invertebrate Chromium 
Levels in Tissue 
[ 1 "g/g 
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Fig- 16e: Fish-Invertebrate Lead 

Levels in Tissue 
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Fig. I6f: Fish-Invertebrate Mercury 
Levels in Tissue 
[Nfl] up/o 
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Fig. 15g: Fish-lnvertebrote Zinc 
Levels in Tissue 
1 J ug/B 
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Fig. I6h: Fish-Invertebrate pp-DDE 
Levels in Tissue 
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Fig. 16i: Fish-Invertebrate PCB 
Levels in Tissue 
t ] "e/o 
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Fig. 17: Distribution of Oligochaetes 
in Relation to the Total Fauna 

(#/sq.m.) Thousands 
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Appendix 2 
9. Tables 



TABLE 1: In-Place Pollutants Progran 
196? canagafllgue Creeli Study 
water - Nutrients. pH. ions 

<*AY-JUN() 



Location 



Station Depth 



conductivity Hardness 



Sodiua Potass I up AitaHnit 



Acidity 


Fluoride 


Chloride 


sulphate 


Residue 


Residue 


Total 








Filtrate 


Particulate 



■g/L 



■g/L 



■g/L 



•g/L 



PH 



■g/L 



«9/L 



mo/L 



rng/L 



ng/L 



■g/L 



CANAGAGICUE CREEK 



0001 


1-0.2 


SI so 


250 


*.» 


1 .*» 


207.3 


7.95 


0002 


p. 1-0. 1 


6*1.0 


219.0 


21 3 


3.4T 


211.0 


a 03 


0006 


0.1-0 3 


1700 


313 


239.0 


* 51 


215.1 


« 02 


0003 


0.1-0 J 


1650.0 


111 D 


224.0 


4 69 


215 7 


7.90 


0004 


. 2 


lllll 


317.0 


lit 


* . 5 1 


215 5 


f.OI 


doos 


02 


113.0 


324.0 


4) t 


3 56 


215.3 


1 32 



- NO DATA 

CR CALCULATED ReSWT 



0.10 


IS 6 


33.2 


311.0 


29.7 


13 


35,5 


70.1 


401.0 


24.1 


0.T6 


157.0 


a 16.0 


- 


- 


16 


152 


356.0 


1090.0 


21.3 


0. 16 


140.0 


299.0 


976.0 


23.7 


0.19 


57.0 


1410 


536 


1.1 



Location 



station 



CANACACICUE CREEK 



0001 
0002 



0005 



Turbidity 


Colour 


Phosphorus 


Nltr 'n 




Armonium 


Nitrates 




True 




Total 




Total 
Frac lieac. 


Total 
Frac. lieac 


TUR8 


COL TRE 


■g/l 


»fl/L 




■g/L 


<ag/L 








- - — 




— ■ 


- — 


aaw 


16.4 


13.5 


0.U6 


0.79 


<T 


0.006 


3.17 


19.7 


14. S 


0.150 


lit 




4 14 


3.26 


21 


12 5 


215 


1.03 




0.324 > 


4.66 > 


21.0 


U.O 


0.230 


1 .02 




0.352 » 


4.66 > 


I0l6 


15.5 


. 205 


0.76 




0.076 » 


4,65 > 


1.7 


13.0 


0.210 


65 


Sf 


0.009 


3.24 > 



Nitrite Phenolic: 
Frac. R'eac. 



■g/L 

0.0100 
1610 
0.2340 
0.2350 
0.2340 
0.2340 



ug/L 



Chemical Dissolved Dissolved 

Oxygen Organic inorganic 
Carbon carbon 
■g/L mg/L ng/i. 



16.0 


4.4 


43 


16 6 


■». 3 


46 


17 6 


3.7 


44.0 


19 ,7 


M 


44 


16 6 


3.9 


44.0 


IS. 3 


4.4 


45.0 



<T THIS LOW aUjASUREftENT IS TENTATIVE. - FOR INFORMATION ONLV 

- NO DATA 

> RESULT CHEATER THAN REPORTED VALUE 



table 2: irc-place Pollutant* program 
19*6 cartagagloue creed study 
Water - ttetals 
(MAY- JUNE) 



Station Depth Field Field Conner Chromlun Mercury Cadalua Iron Lead line Arsenic Manganese Aiumlnun Nickel Calcium 
Ph (H 
| mg/L mg/L ug/L mg/L mg/l mg/L mg/L mg/l mg/L mg/L mg/L mg/L 



CANACACIOjf RIVER 0001 0.1-0.2 7 . Si - 0.002 O.OOt <0.0I <0.0003 0.900 <0.003 0.002 <0.00l 0.130 0.640 <0 002 

0002 0.1-0.2 8.00 - - <0.01 j. - <O.O01 - 

0006 0.1-0.2 8.02 - - 0.01 - - ■ - <0.00l - - - 

0003 0.1-0.2 8.02 - - - 0.01 - - <0.001 - — 

0004 0! 8.07 - - 0.01 - - . <0 . 00 1 ... 



73,000 



0005 02 8.41 - - - <O.0l 



CO. 001 



KEY: < LOWER THAN DETECTION LIMIT 
. NO DATA 



*BL( 3: In-Place Pollutants Projran 
1947 canagaglgue study 
water - PCS * Pesticides 
units: ng/L 

<*AY-JU>rt] 



A-fjHC 
Hexa- 
cnioro 
cyc I o 
hexane 



«-9hc 
Hexa- 
colore 
cyclo 

hexane 



C-8HC 
HeiJ- 

chioro 

cvcfo 

hexane 



A G Dleldrln 0*01 Endo- octa Endo- tndrln Endo- Hepta- Hepta- ulrex Oxy- op-dot pes pp-odo pp-doe pp-dot Hexa- 

chlor- chior- oetti- sullan chloro- sulfan sulfan chlor- chlor cnlaro- Total chioro- 

dane dane oxychlor I styrene n sul (ate epoxide dane denzene 



AGACIGUE C8EE< 


0001 


0. 


1-0. 3 




0002 





1-0.2 




0006 


a. 


1-0 2 




0003 


0. 


1-0.2 




0004 




0.2 




0005 




02 



«1 



<T 2 

< I 



<r 2 

< i 



14 
*3 



<1 
<2 



<2 
<2 
<2 
<2 
<! 
<2 



«2 
<2 
«2 
<2 
<2 
<2 



<5 

«5 

<i 
<5 

«5 



n2 
<1 

<2 
<2 
<2 

<2 



1 <5 


«2 


«5 


<20 


1 <5 


<? 


<$ 


<20 


1 <5 


<2 


<5 


«20 


1 «i 


«2 


<5 


<20 


1 <5 


<2 


<5 


<20 


t <5 


<2 


<5 


<20 



<1 


< 


5 




<1 


< 


5 




CI 


<T 


!7 




<s 


« 


5 




<\ 


< 


5 




<t 


« 


3 


«i 



- "-■ 

< LOWER THAN DETECTION LIMIT 

<T THIS LOW *EASUKE*ENT IS TENTATIVE - fOK INFORMATION ONLV 

- NO DATA 



^eiE t: m-place pollutants Program 
1987 Canagaglgue Creek study 
water - Organic: 
unlti: ng/L 

(MAY-JINK 



station Oeoth Hexa- 
chloro 
e thane 



1.3,5 1.2.4 Hexa 
Trlchloro irlchloro Chloro- 



1,2.3 



2.4,5 



2 -3.s t.j.3.5 1,2.4.5 2 . 6 . a Tetra- penta- 
Trlchloro Trlchloro Trlchloto Tetrachloro Tetrachloro Trlchloro chloro- chloro- 
benzene benzene butadiene benzene toluene toluene 



benzene 



benzene 



toluene 



benzene 



Toxa- olcamba 
Phene 



benzene 



MACACIGUE CREEK 



0001 


0. 


1-0.2 


«t 


<5 


•c 5 


< 


< 5 


<5 


<* 


0002 


0. 


1-0.2 


tl 


<5 


< 5 


* 


1 < 5 


<5 


<5 


0006 


0. 


t-0.2 


<1 


<5 


< 5 


« 


< 5 


<5 


<:5 


0003 


0. 


1-0 2 


<1 


<5 


< 5 


« 


< 5 


«5 


<5 


0004 




0.2 


<l 


<S 


< 5 


< 


< 5 


<5 


<5 


0005 




0.2 


<1 


<5 


< 5 


< 


<50 


<S 


<5 



tl 


<5 


<1 


«1 


<1 


<5 


<1 


<t 


<l 


*S 


<1 


<1 


<1 


«5 


<1 


<1 


<1 


<5 


<l 


<1 



V: < LOWER THAN DETECTION LIMIT 

<T THIS LOW MEASUREMENT IS TENTATIVE - FOR I \ F ORMA T I ON ONLV 
- NO DATA 



ible 5: in-Place Pollutants Progran 
1917 Canagaglgue creek study 
water - chlorophenols 
units: ng/g 

lAIAV-JUNE) 



"*•«» 



n Ichoroohenols 

234 245 246 



Tetrachlorophenols 

2345 2356 



Pentachloro- 
Dhenols 



YAGAGICUE CREEK 



oooi 





t-0.2 


<ioo < ioo < 20 


<20 


<10 


0002 


0. 


1-0.2 


<10D <T120 <TI00 


<20 


<I0 


0006 


0. 


1-0 2 


«I00 < 100 <T CO 


<20 


<I0 


0003 


a. 


1-0 2 


<ioo < ioo < 20 


<20 


<ia 


0004 




2 


<!00 < 100 <T100 


<20 


<10 


0005 




2 


<I00 < 100 < 20 


<20 


<I0 



* LOWEII THAN DETECT ION LIMIT 
<TTHI5 LCW MEASUREMENT ISTENTAT I VE^FOR INFOKMATIW 



< 10 

< 10 

< 10 

< 10 

< 10 

< 10 



TABIE 6: in-Place Pollutants Progtam 
1986 Canagagloue Creek study 
Sediment - Particle size by percentage 
un 1 1 s : urn 

(MAV-JUNE) 



locat Ion 


Station 


Gravel 


Sand 


SI It 




Clay 






>I000 


1000-44 


42.21-3 


73 


3.73-0. 17 


CANACACICUE CREEK 


oooi 


0. 1 


32.0 


49.6 




15.9 




0002 


3-2 


44 9 


37.4 




11.9 




0006 


0. 1 


93 6 


34.0 




10.9 




0003 


o.e 


67.2 


23.3 




6.1 




0004 


0.7 


21. J 


59.0 




15.6 




0005 


0.4 


22.9 


58.4 




16.3 



(OCTOBER) 



i <m .'. i ion 



CIJWl SJIK! b||l ( |jy 

>I000 1000-44 42.21-3.73 3.73-0.17 



CANACACICUE CREEK OOOI 0.4 62.40 28.80 J. M 

°°02 0.3 55 70 19.20 3.10 

0001 '-4 60.50 29.80 5.10 



KEY: - NO DATA 



Table 7: In-ptaee Pollutants Program 
(98? canaoagigue creek study 
Sediment - metals 
units Dry Height 
f«AV - JUNE) 



Location 



Station Field Field loss on Phosphorous Total Total Organic Copper cttromlum mercury Cadmium 

**> eh ignition KJeidahl Carbon 

(41 trogen 
* "9/9 mg/g mg/g ug/g ug/g ug/g ug/g 



tl(HI*IU)KHSlllltfU*>(IIMlftMltlHniIl3lllIliliailll4ii|H 

zinc Arsenic sanganese Aluminum Nickel Solvent 

Eitractables 



ug/g 



ug/g 



u«/g ug/g 



ug/g 



ug/g 



ug/g 



ug/g 



CANACACIOJE CREEIC OOOI 



ooas 



7 SI 


-160 


* » • 


1 .20 • 


2.0 • 


J* 


17.0 


M-.fl 


0.0 J 


54 


i 


19000 


ISO 


73.0 


1,(0 


490.0 


13000 


12.0 


1250 


7,15 


-lfS 


5.6 ■ 


1 ,00 • 


1.1 ■ 


2) • 


27 . 


22 


OS 


57 


• 


1 4000 


36.0 


92.0 


1 90 


370 


9000 


10 • 


34D0 


1 66 


-330 


4. ft ■ 


1 to ■ 


2 • 


20 


21.0 


22-0 


0.05 


0,54 


* 


■ 4000 


29.0 


13 


2.4b 


420 


9000 


9 6 ■ 


2640 


7.15 


-330 


}! • 


2 60 


12 • 


53.0 


16.0 


17 


0.05 


26 


■ 


10000 


14 


51.0 


1 .30 


330 


6000 


16 


1170 


7.11 


-3V0 


7 I ■ 


1.90 ■ 


It ■ 


so, a ■ 


28.0 ■ 


ISO 


It 


0.6) 


• 


20000 


25.0 ■ 


120.0 


J 20 


5«0.0 


15000 


I4.Q ■ 


3510 


7 . ii 


-315 


a . o • 


1.90 • 


3.5 • 


«• • 


26 • 


24.0 


0.12 


67 


• 


2IO00 


27.0 i 


120.0 


J,. IP 


620.0 


16000 


15.0 • 


3050 



K€Y: - NO DAT* 

• EQUALS OS EXCEEDS M( GUIDELINES Eon OPEN WATER DISPOSAL OF DREDGED ««TERML 
AV RESULT IE THE AVERAGE OF <i ANALYSES 



lllMna**IMttlt*titai;gs (3 tI 



l3tIBIIIIHIMU*»l1M1«»I1M13ll*IUIIIIUIIHttttl 



■ miiiiiiii»iiMtiiniai BMt , IH 



Station field Field LOSS on Phosphorous Tolal Total Organic Copper Chromium mercury cadmium iron Lead zinc Arsenic 
Ph EH ignition Kleldahl carbon 



Nitrogen 
-g/fl -9/9 



manganese Aluminum Nickel Solvent 

Eitractables 



<*9/9 ug/g ug/g ug/g ug/g ug/g ug/g ug/g ug/g ug/g 



ug/g sol Eit. ug/g 



0D01 
0002 
0006 
0003 
0004 

ooos 



6.2 • 


1.02 • 


7.4 :• 


1 19 ■ 


3.6 


75 


53 


1.17 • 


1.5 • 


1.77 • 


4.6 


1.11 • 



1.70 


45.0 


2.42 ■ 


43.0 


1.09 


26.0 


2.2t • 


29 


2,36 * 


63 


i.42 


25 



17 
32,0 • 
21 g ■ 
35. 9 < 
35. ■ 
■ 5 



9.0 

«0 
34.0 
IS ' 
35.0 ' 
19.0 



0.04 


0.50 


• 15000 


ta.o 


75,0 


3. tO 


530.0 


riooo 


09 


p. 60 
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TABLE 12: In-Place Pollutants Program 

1167 canagaglgue Creed study <»ay-june) 
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< 


SO 


< 


50 


< 50 




0004 


<100 <50 <50 


< 


50 


< 


50 


» 50 




0005 


<10Q <50 <50 


< 


50 


< 


50 


< 50 



KEY < LOWER THAN DETECTION LIMIT 



TABLE 13. Benthic Invertebrates - Tissue-Sediment Concentration Ratios 
Canagagigue Creek, 1987. 



Station No. 



Copper 



Chromium 



Mercury 



Cadmium 



Lead 



1.45 

1.37 
1.46 



0.79 



0.16 



5.35 


0.82 


1.95 


1.84 


2.69 


0.56 


4.13 


2.01 


2.04 


0.90 


1.77 


0.69 



0.62 
0.68 
0.45 
0.71 
0.49 
0.37 



Station No. 



Zinc 



Arsenic 



Manganese 



Aluminum 



Nickel 



1.46 


3.44 


0.23 


3.99 


4.17 


0.17 


1.23 


4.04 


0.28 


2.96 


8.87 


0.28 


0.90 


3.73 


0.21 


0.85 


2.97 


0.18 



0.10 



0.07 



0.30 
0.34 
0.37 
0.21 

0.45 
0.32 



Sediment concentrations used in the calculations were on a dry weight (ug/g) basis. Biota values used were wet weight converted to dry 
weight and corrected for gut contents according to the formula in Peisaud et al (1987). Bioaceumulation Factors were computed according 
to the formula: 



C c t 



(C sed x K„ h ) x (1 - K, sh )- 



where C c , = gut corrected tissue concentration; C org = organism (dry weight) contaminant concentration; C sed = bulk sediment 
concentration and; K^ = residue after ashing organism at 500" C (as a percentage). 



Tissue-sediment concentration ratios were computed according to the formula: 

Ratio = C ct / C sed 



TABLE 14: In-Place Pol lutants Program 
i9»7 canagagigue creek study 
Benthlc Invertebrate! - Metals 

tNITS: ug/g. wet weight (Not corrected for gut content) 
< MAY- JUNE I 

lEIIIIllIlMIllI»UIIMMil)I«;ilI1»|It»|Ui 3 i M U 

Station organise copper Chromlua mercury Cadmium iron 



lead zinc Arsenic Manganese Alumlnun Nlcfcel 







* —--—-—-—• 


'*""" 


■ ' ... . ..- .. 


-._____ — i — 




""""""■ 


"■"""""■*■"■ 


_- 


— - 


— — 





0001 


01 Igoctraetei 


3 60 


0.66 


0.026 


0.075 


464 


1 96 


16.3 


1.63 


18.46 


226 


0.51 


0001 


otlgochaetes 


4,17 


0.84 


0.022 


0.067 


564 


1.66 


16,7 


1 , 16 


21. 37 


290 


0,73 


0002 


01 Igochaetes 


5.8 2 


65 


0.024 


0.164 


292 


4.15 


37. 1 


< .23 


11.51 


135 


a. 57 


0006 


01 Igochaetes 


4.83 


0.64 


0.021 


0.049 


447 


2. 17 


16.2 


.51 


19.99 


224 


0.60 


0003 


01 Igochaetes 


7.46 


0.63 


0.O32 


0.0(2 


152 


1.60 


23. » 


61 


15.40 


147 


0.57 


0004 


01 igochaetes 


4.07 


1.05 


0.035 


0.091 


525 


1 .99 


17,3 


.(6 


21 . 13 


263 


1.04 


ooos 


ol Igochaetes 


3.96 


0.89 


0.034 


098 


527 


2.05 


16.5 


,69 


22.71 


276 


0.76 


0005 


01 Igochaetes 


3. 16 


0.76 


0.032 


0.051 


419 


1.27 


13.9 


.00 


17.74 


207 


0.63 



(JMITS: ug/g. Dry weight. Corrected for gut contents 



Copper Chromium Mercury cadmium iron 



Ar sen i c *a ngane se a I urn I num n I cfce I 



oooi 


01 Igochaetes 


24.66 


4.12 


0. 161 


. 444 


2724 


11.25 


104.9 


9.627 


114 15 


1257 


3.64 


0002 


01 Igochaetes 


36 96 


3.51 


0. 156 


1.048 


1466 


25.71 


367.6 


7 . 922 


63.26 


599 


3.42 


0006 


01 Igochaetes 


30 63 


3«9 


0. 135 


0.3D1 


2460 


13.19 


102.4 


9.707 


117.01 


1114 


3.60 


0003 


01 Igochaetes 


47.42 


3.74 


0.206 


0.522 


2094 


10.01 


151. 1 


1 1 .535 


92.99 


936 


3.35 


0004 


01 Igochaetes 


25.55 


6.04 


. 2 24 


0.570 


2990 


12.23 


106.3 


1 1 .930 


t 2 1.64 


1323 


6.33 


0005 


01 igochaetes 


22.23 


4.33 


0.213 


. 464 


2471 


9.97 


101.6 


9.221 


113.73 


1121 


4.78 



TABLE 15: m-Place Pollutants Program 
1987 canagaglgue Creelt Study 
Benthlc Invertebrates - PCBs 4 Pesticides 
WITS: ug/9, *et weight (Not corrected tor gut content* 
(»A¥-JUN£) 



station organism 



HCB Mepta- Hepta- Aldrln Mlre» a-BHC b-BHC d-BHC A-Chlordane C-Chlordane pcb pp-DOE pp-DOO 
chlor eh lor 

epoxide 



PP-DOT op-DDT 



Endo- 
Sul fan 



Endo- 
Sullan 



Dleldrln Endrln 



Endo- Met hoxy- 
sultan chlor 
sol late 



% Lipid % Ash 

































""* 


11IHUMI 


'"» 


= " 


==XX=XX; 


llliEumilllllllHIIIIIMllIlIt 


■ 111111=] 


E»SX**X 


II13EII 


0301 


01 Igochaetes 


<o ooi 


<o.ooi 


<0.002 tO.001 


c0.002 <0.00l 


<o. ooi 


0.002 


to oo i 


t 0.001 


< 0.01 


< 


001 




0.006 


t O.OOI 


t o.ooi 


t 0.001 




0.007 


t O.OOI 


t O.OOJ 


t 0.001 t 


O.OOI 


0.504 


4.11 


0001 


01 Igocnaetes 


<Q . DO t 


tO.001 


t0.002 tO.001 


tO.002 tO.001 


(0.001 


tO. 001 


tO . 00 1 


t 0.001 


< 0.01 


< 


0.001 


c 


o.ooi 


t O.OOI 


t 0.001 


t 0.001 


t 


o.ooi 


< O.OOI 


< 0,010 


t 0.001 t 


o.ooi 


0.690 


2, 13 


0002 


01 Igochaetes 


tO . 00 1 


(ooot 


to.002 to.oai 


<0002 to 001 


to. ooi 


0.004 


tO. 001 


t 0.00 1 


0.21 




0.OO4 




0.0115 


t 0.001 


t 0.001 


t O.OOI 




011 


< O.OOI 


t 0,010 


t 0.001 t 


0.001 


0.522 


2.97 


0006 


01 Igochaetes 


0.003 


tO.00 1 


<0 002 =0 (10! 


eo.002 0.003 


to . oo i 


tO. 001 


tO. 001 


t 0.001 


t o.oi 


t 


O.OOI 


t 


0.001 


t O.OOI 


t o.ooi 


t 0.001 


c 


0-001 


t 001 


t 0.010 


0.003 t 


0.001 


0.513 


2.93 


0006 


01 igochaetes 


<0 001 


tO.001 


t0.002 tO.001 


tO.002 tO.001 


to. ooi 


tO. OOI 


tO. OOI 


t 0.001 


< 0.01 


c 


O.OOI 


t 


o oo i 


t 0.001 


t o.ooi 


t o.ooi 


c 


. 00 1 


t o.ooi 


t 0.010 


t o ooi t 


o.ooi 


0.616 


2. S3 


0006 


Leeches 


<0.00l 


<o.ooi 


<0.0O2 <0 00 1 


to. 002 to. ooi 


tO. 001 


tO. 001 


tO. OOI 


t o.ooi 


< 0,01 


t 


o.ooi 




0.006 


t 0.001 


t O.OOI 


t o.ooi 




0.004 


t O.OOI 


* 0.010 


t 0.001 t 


O.OOI 


. 554 


0.37 


0006 


Dragonf ly 


tO.001 


tO.001 


<0.002 to 001 


0,039 tO.001 


to. 001 


0.004 


tO . 00 1 


t 0.001 


i 0,01 




010 


t 


O.OOI 


t O.OOI 


t 0.001 


t OOI 


t 


o.oot 


t 0.001 


t 0.010 


t 0.001 t 


o.oot 


1 .370 


1 .42 


0001 


ol Igochaetes 


<0.OOl 


tO.001 


t0.002 tO.001 


<0,(TO2 rOODI 


to. ooi 


0.003 


to. OOI 


t o.ooi 


0.06 




0.004 




0.006 


t O.OOI 


t 0.001 


t 0.001 


< 


O.OOI 


t 0,001 


t 0.010 


t 0.001 t 


O.OOI 


0.582 


1..65 


0004 


01 Igochaetes 


',0 001 


0.013 


tO 002 <0.00l 


tO.0O2 to. 001 


tO. 001 


to. ooi 


to. 001 


t 0.001 


t 0,01 


< 


0.00) 


t 


0.001 


t O.OOI 


t O.OOI 


t O.OOI 




0.004 


< 001 


t 0.010 


t 0.001 t 


O.OOI 


0.704 


2.07 


0004 


01 Igochaetes 


tO.001 


CO. 001 


<0 002 tO.001 


tO.002 0.009 


tO 001 


tO. 001 


tO. OOI 


< 001 


t 0.01 


< 


O.OOI 


< 


O.OOI 


t 0.001 


t 0.001 


t o.ooi 


t 


o.ooi 


t 0.001 


< 0.010 


0.009 t 


0.001 


1.115 


2.75 


0004 


Leeches 


<o.ooi 


<0 . 00 1 


tO.002 tOOOl 


to. 002 to. ooi 


tO. 001 


0.006 


tO. 001 


< 0.001 


t 0.01 




008 


c 


o.ooi 


t o.ooi 


t 0.001 


t 0.001 


t 


o.ooi 


o.ooa 


t 0.006 


t O.OOt t 


O.OOI 


0.005 


D . 97 


0005 


ol Igochaetes 


< O.OOI 


tO.001 


tO.0O2 O UOI 


<0 002 <O.00l 


tO. 001 


. 006 


tO. 001 


t 0.001 


t ooi 




002 




0.005 


t O.OOI 


t O.OOI 


< O.OOI 




0.003 


002 


t O.0O2 


t 0.001 t 


o.ooi 


0.007 


2.66 


0005 


Chlronomlds 


<0.001 


«o 001 


tO.002 <0.001 


tO.002 <0 001 


to. ooi 


0.013 


tO i 00 1 


< o.ooi 


t 0.01 


< 


OOI 




0.013 


t O.OOI 


t 0.001 


< 0,001 




0.009 


t 0.001 


t 0.002 


t O.OOI t 


o.ooi 


007 


1:24 


0005 


Leeches 


<0.00I 


<0 . 00 1 


tO.0O2 <0.O0l 


tO.0O2 to. 001 


CO. 001 


0.006 


to. ooi 


t 0.001 


c 0.01 




0.004 




0.008 


t O.OOI 


t 0.001 


t o.ooi 




0.002 


0.002 


t 0.010 


t o.ooi t 


0.001 


010 


0.96 



KEY: < Less Chan detection llmtt 
- wo data 



TABLE 16: co-Place Pollutants Program 
1987 Canagaglgue Creek Study 
Benthle invertebrate! - chlorinated Aromatlcs 
UNITS: ug/g. wet weight (Not corrected for gut content) 
•AV-jUNf 



nexa- 135- 12*- nexa- 123- 
chloro- Trlchloro- Trlchloro- chloro- Trlchloro- 
ethane benzene benzene butadiene benzene 



StP J36- 1235- 1245- jsa ma- Penta- octa- 

TrlcMoro- Trlchloro- TetrachJoro- Tettachloro- Trlchloro- Tetrachloro- chloro- chloro- 
loluene toluene benzene benzene toluene benzene benzene Styrene 



Toxapriene 



odoi oilgochaetes < o.ooi < o.oio < o oi < o.ooi < o.oot 

0001 01 Igoeriaetes < 0.001 < o.OIQ t 0.01 < 0001 < O.OOS 

0002 oi igochaetes < o.ooi < o.oio < o.ot < o.ooi < o.ooi 
ooori oilgochaetes < o.ooi < o.oio « o.oi < o.ooi * o.oos 
oooti oilgochaetes < o.ooi < O.OIO < o.oi < o ooi < 0.005 
ooot Leeches < o.ooi < o.oio < o.oi < o.ooi < o.oos 
0006 Dragonfly < o.ooi < o.oio < o.oi < O.OOI < o.oos 

0003 Oilgochaetes < 0.001 « 0.002 < 0.01 < O.OOI « 0.005 

0004 oilgochaetes < o.ooi < o.oio < o.oi < o.ooi < o.oos 

0004 oilgochaetes < 0.001 < 0.010 < 0.01 < 0.001 < 0.003 
ooo* Leeches < o.ooi < o.oio < o.oi < o ooi < o.oos 
coos oilgochaetes < o.ooi < o.oio < o.or < o.ooi < 0.005 
0003 ChUonomlds < O.OOI < O.OIO < 0,01 < 0.001 < 0.005 

0005 Leeches < o.ooi < o.oio < O.OI < o.ooi < 0.005 

KEY: < Less than detection limit 
- No data 



< O.OOI 


< 


o.ooi 


< 


O.OI 


< 


O.OOI 


< 


o.ooi 


< 0.001 


< 


0.001 


<■ 


0.01 


« 


O.OOI 


< 


001 


< 0.001 


« 


0.001 


< 


0.01 


< 


O.OOI 


< 


0.001 


< O.OOI 


< 


001 


« 


0.01 


e 


O.OOI 


< 


O.OOI 


< 001 


< 


0.001 


< 


0.01 


< 


O.OOI 


< 


O.OOI 


< O.OOI 


< 


0.001 


< 


0.01 


< 


O.OOI 


< 


o.oot 


s 001 


S 


0.001 


< 


0.01 


< 


O.OOI 


« 


O.OOI 


< 0.001 


< 


0.001 


s 


0.01 


< 


O.OOI 


< 


O.OOI 


< O.OOI 


< 


O.OOI 


< 


0.01 


< 


0.003 


< 


O.OOI 


< o.oot 


< 


O.OOI 


< 


O.OI 


< 


0.001 


< 


O.OOI 


< O.OOI 


< 


o.ooi 


< 


O.OI 


< 


0.001 


< 


0.001 


< O.OOI 


< 


O.OOI 


< 


O.OI 


< 


0.001 


K 


OOI 


< 0.001 


< 


a ooi 


< 


O.OI 


< 


0,001 


< 


0.001 


« O.OOI 


•< 


O.OOI 


< 


O.OI 


< 


0.001 


< 


001 



< 0.01 

< o.oi 

e 01 

< 0.01 

< 0.01 

< O.OI 

< 01 

< 0.01 
c 0.01 

< 0.01 

i o.oi 

< o.oi 

< O.QI 

< o oi 



[able 17: in-place pollutants program 
1987 canagaglgue creek Study 
Benthlc invertebrates - Cftlorophenols 
UNITS: ug/g. wet welgrit (Not corrected (or gut content! 

IMAV-IUME) 



station Biota 



2J4-TT I- 

chlorophenol 



2345-Tetra- 
Chloroohenol 



2356-Tetra- 
chlorophenol 



345-TM- 
Chlorophenol 



0001 


ol l^ochaetcs 


* 





.010 


0001 


0) igochaetes 


< 





Old 


0002 


Ol igochaetes 


< 





010 


O0G6 


01 igochaetes 


< 





006 


fl006 


01 Igochaetes 


< 





010 


TJ006 


Leeches 


< 





010 


0006 


Dragont ly 


< 





010 


0003 


Ol Igochaetes 


< 





010 


■iOCU 


Ol tgoehaeles 


< 


a 


010 


Q0O4 


Ol i gocfiaeles 


< 





010 


0004 


Leeches 


K 





oio 


0005 


01 Igochaetes 


< 





010 


000 5 


Ch 1 ronomids 


< 


D 


010 


nqQ5 


Leeches 


< 





010 



« 0.003 

< 0.005 

< a. 005 

•c 0.005 

< 0.005 

< 0.005 

< 0.005 

< 0.005 

< 0.005 

< 0.005 

< 0.005 

< a. 003 

< 0.005 

< 0.005 



< 0.005 

< 0.005 

< 0.002 

< 009 

< 005 

< 0.005 

< 0.005 

< 0.003 

< 0.005 

< 0.003 
c 0.003 

< 0.005 
« 0.005 

< 0.005 



< 0.010 

< o.oio 
Dial 

0.088 
0.119 

< o.oto 

< 0.010 

< o.oio 

< 0.010 

c o.oio 

< 0.010 

< 0.010 

< 0.010 

< O.OIO 



246-Trl- 
Chlorophenol 

< O.OIO 

< 0.010 
•c 0.002 

0.021 

< 0.009 

< 0.010 

< o oio 

< Q.010 

< 0.010 

< 0.010 

< 0.010 

< 0.010 

< 0.010 

< 0.010 



Penta- 
chlorophenol 

:liini::niuf 

< 0.005 

< 0.005. 
0.047 
0.061 
0.044 

< o.ooi 

< 0.005 

< 0.005 

< 0.005 

< 0.002 

< 0.005 

< 0.004 

< 0.005 
0.005 



IV: < less than detection Unit 



in-Plsce Pollutants Progran 
1967 Canagaglgue Cr. Study 
Fish - Metals 
Units: mg/g. Wet weight 

<MAV-JUMF.> 



1S¥S3;»« 



Cooper chronlun mercury Cadmium Iron 



Lead zinc 



Arsenic Manganese Alunlu* Nlckle 



station 



Species 



Hg 



re 



Ph 



0001 1-2 VR RAINBOW DARTER 

0001 2 VR IONGMOSE DACE 

0001 1 VR EMERALD SHINER 

0002 1-2 VR WHITE SUCKER 
0002 1-2 VR WHITE SUCKER 
0006 2 VR EMERALD SHINER 
0006 7 VR EMERALD SHINER 
000} 1 VR EMERALD SHINER 

0004 1-2 VR WHITE SUCKER 
000a I VR EMERALD SHINER 

0005 t-2 VR LONCNOSE DACE 
000S 1-2 VR WHITE SUCKER 



4.74 


0.7* 


096 


0.008 


33 


0.12 


13.9 


D.35 


17. 70 


V»* 


0.56 


0. IIS 


0.011 


30 


0.03 


32.6 


0.34 


5 63 


4.43 


a. 76 


0.046 


015 


28 


0.06 


67.0 


0.64 


4.09 


6.13 


0.76 


0.032 


0.022 


37 


0.45 


27.9 


0.61 


6.97 


6.36 


0.62 


0.056 


0.026 


60 


0.45 


21.5 


0.19 


6.00 


4.54 


0.5* 


0.094 


005 


16 


0.09 


50.3 


0.09 


2.96 


3. at 


54 


0.092 


004 


35 


0.06 


52.1 


0.12 


3.21 


3.72 


0.49 


0.082 


0.010 


66 


0. 11 


44.2 


0.17 


3.54 


6.19 


0..7-3 


0.063 


026 


136 


i.JH 


29.5 


0.3* 


11.52 


s.ai 


0.77 


0.097 


. 009 


42 


0. 10 


55 a 


42 


3.46 


4.34 


0.66 


0. 144 


0.0O5 


59 


0. 10 


34. I 


0.6.0 


9 29 


3.06 


71 


0.072 


0.013 


36 


0.40 


25.9 


0.36 


10.97 





Nl 


* sol Ids 






— 


IS 


0.57 


28.65 


II 


0.33 


25.34 


17 


0.56 


32. 30 


21 


0.67 


25.76 


46 


0.60 


24.13 


19 


0.44 


27.97 


17 


39 


28.38 


32 


0,25 


31 .21 


69 


0.58 


24.63 


23 


0.57 


31.34 


19 


0.44 


29.26 


IS 


0.44 


25.66 



table 19: in-place pollutants program 
19S7 Cariagaglgue cr . Study 
Fish - PCBs ant) pesticides 
Units: ug/g wet weight 



a-BHC nexa- B-BHC Hexa- 



Dleliirin DMDT 



Endo- Endo- Endrln Endo Hepta- HeDta- *lrex Oxychlord op-ODT PCS pp-DOO pp-DOE pd-OOT 
chlorocyclo- chlorocyclo- chlordane ehlordane Methaxy- sultan sultan sullan chlor- Chtor- 

hexane chlor I n sulphate epoxide t 



(«otat> 



0001 


Ralnrow Dafter 


0.000 


D.000 


0.000 


i 000 


0,000 


0.000 


0.000 


0.000 


0.000 


0.000 


0.000 


0.000 


0.000 


o.ooo 


NA 


0.000 


o.oo 


. 000 


091 


o.ooo 


0001 


Longnose Dace 


0.000 


0.000 


0.000 


0.000 


0.000 


o.ooo 


0.000 


0.000 


0.000 


0.000 


0.000 


0.000 


o.ooo 


o.ooo 


IMA 


0.000 


0.17 


o.ooo 


0.000 


o.ooo 


ooot 


Emerald Shiner 


0.000 


0.000 


0.000 


o.ooo 


0.000 


0.000 


0.000 


o.ooo 


0.000 


0.000 


0.000 


o.ooo 


, 000 


0.000 


IMA 


o.ooo 


0.14 


0.000 


o.ooo 


0.000 


0002 


whl te sucker 


000 


0.004 


o.ooo 


0.000 


o.ooo 


o.ooo 


o.ooo 


0.000 


o.ooo 


o.ooo 


0.004 


0.000 


o.ooo 


0.000 


NA 


0.000 


0.23 


o.ooo 


0.DB2 


o.ooo 


0006 


Emerald Snlner 


000 


0.000 


o.ooo 


0.000 


0.000 


o.ooo 


0.000 


0.000 


0.000 


o.ooo 


0.000 


0.000 


0.000 


0.000 


m 


0.000 


0.59 


0.000 


0. I4S 


0.000 


0006 


Emerald shiner 


000 


0.000 


o.ooo 


o.ooo 


0.000 


0.000 


o.ooo 


o.ooo 


0.000 


0.000 


0.000 


0.000 


0.000 


0.000 


HA 


0.000 


0.33 


0.000 


0. 140 


o.ooo 


0003 


Emerald shiner 


o.ooo 


0.003 


0.000 


0.000 


o.ooo 


0.000 


0.000 


o ooo 


0.000 


0.000 


0.003 


0.000 


o.ooo 


o.ooo 


r$ 


0.000 


0.52 


0.000 


0. 196 


0.000 


0004 


white Sucker 


0.000 


0.000 


000 


o.ooo 


0.000 


0.000 


0.000 


0.000 


o.ooo 


0.000 


0.000 


0.000 


o.ooo 


0.000 


NA 


0.000 


0.16 


0.000 


0.180 


0.000 


0001 


Emerald shiner 


o.ooo 


0011 


0.000 


0.000 


o . ooo 


0.000 


0.000 


o.ooo 


0.000 


0.000 


0.011 


0.000 


000 


0.000 


NA 


o.ooo 


1 .91 


0.000 


0.219 


0.000 


OOD5 


longnose Dace 


0.000 


o.ooo 


0.000 


000 


0.000 


o.ooo 


0.000 


o.ooo 


0.000 


0.000 


0.000 


0.000 


0.000 


o.ooo 


HA 


0.000 


0.00 


0.000 


0.000 


o.ooo 


0005 


white sucker 


0.000 


0.003 


o.ooo 


0.000 


0.000 


0.000 


0.000 


0.000 


0.000 


0.000 


0.003 


0.000 


0.000 


0.000 


NA 


o.ooo 


22 


0.000 


0.000 


o.ooo 



TABLE JO: m-place Pol lutants progfa« 
VM7 canagaglgue Creek Study 
Fish - chlorinated Aformtlcs 

units: ugr/g wet weight 



station 

« 



2.4.3 



2.3.6 



I. 2. 3. i 



1.2,4.5 



species Hexa- i.J.5 i.J.4 1.3.3 Hexa- 

chloro- Trlchloro- Tr Chloro- Trlehloro- chloro- Trlchloro- Trlchloro- Trlchloro, Temchloro- TetrchK.ro- 
ethane benzene benzene bemene butadiene toluene toluene toluene benzene benzene 



1.2.3,4 Penta- octachloto- Toxaphene 
Tetrachloro- chloro- stvrene 
benzene benzene 



0001 


Ralnrow Darter 


o.ooo 


0.000 


o.ooo 


0.000 


0.000 


m 


NA 


ooo 


o.ooo 


. 000 


o.ooo 


0.000 


0.000 


o.oaa 


0001 


Longnose Date 


o.ooo 


o 03S 


0.000 


o.ooo 


000 


NA 


NA 


000 


0.000 


o.ooo 


o.ooo 


o.ooo 


000 


0.000 


000 1 


Emerald shiner 


o . odo 


0.000 


000 


0.000 


o.ooo 


NA 


M* 


0.000 


o.ooo 


o.ooo 


0.000 


0.000 


a. ooo 


o.ooo 


0002 


white Sucker 


0.000 


SSI 


. 000 


0.000 


0.009 


NA 


NA 


0.000 


0.000 


a ooo 


o.ooo 


o.ooo 


0.000 


0.000 


0006 


Emerald shiner 


o.ooo 


o.ooo 


o.ooo 


0.000 


0.000 


NA 


NA 


a ooo 


000 


0.000 


000 


o.aoo 


o.ooo 


a ooo 


0006 


Emerald Shiner 


0.000 


0.000 


o.ooo 


o . ooo 


o.ooo 


NA 


NA 


0.000 


0.000 


0.000 


0.000 


000 


000 


0.000 


0003 


Emerald Shiner 


000 


000 


0.000 


0.000 


o . ooo 


ha 


NA 


o.ooo 


o.ooo 


0.000 


o.aoo 


0-000 


0.000 


0.000 


0004 


white sucker 


000 


0.000 


0.000 


0.004 


o.ooo 


m 


NA 


0.000 


0.000 


o ooo 


o.ooo 


0.000 


0.000 


0.000 


0004 


Emerald Shiner 


000 


076 


000 


000 


022 


NA 


NA 


. ooo 


000 


a ooo 


g oil 


oooo 


o.ooo 


. 000 


000! 


longnose Dace 


0.004 


o ooo 


0.000 


o.ooo 


0.006 


NA 


NA 


o.ooo 


0.000 


. 000 


0.000 


a ooo 


0.000 


0.000 


0005 


white Sucker 


0.000 


000 


o . ooo 


0.000 


0.000 


MA 


HA 


. 000 


0.000 


o . ooo 


0.024 


0.000 


o.ooo 


o.ooo 



table 21 : in-place Pollutants Program 
19B7 Canagagigue Cf . study 
Fish - chlarophenols 
units; ug/g wet weight 

Stat ion spec les 



Trictiloroplienol 



246 2345 



Penta- 
cnlorophenol 



ooo) 


Ralnrow 


Darter 


0.000 


0.000 


0.000 


0.000 


o.ooo 


0.052 


0001 


Lorvgnose 


Dace 


o.ooo 


o.ooo 


0.000 


0.000 


0.000 


o.ota 


0001 


Emerald 


shiner 


o.ooo 


o.ooo 


0.000 


0.000 


o.ooo 


0.054 


0002 


white 


Sucker 


o.ooo 


0.000 


0.032 


o.ooo 


0.000 


0.039 


0006 


Emerald 


Shiner 


o.ooo 


0.000 


0.014 


o.ooo 


0.000 


0.016 


0006 


Emerald 


Shiner 


0.000 


0.000 


0.013 


o.ooo 


0.000 


0.013 


0003 


Erne r a 1 d 


Shiner 


o.ooo 


0.000 


0.015 


o.ooo 


, 000 


0.011 


0004 


wtme 


Sticker 


o.ooo 


0.000 


0.004 


000 


0.000 


009 


0(104 


Emerald 


Shiner 


0.000 


0.000 


0.041 


0.000 


0.000 


042 


0005 


Longnose 


Dace 


0.000 


0.000 


0.000 


0.000 


o.ooo 


0.022 


0005 


unite 


Sucker 


o , ooo 


. 000 


D.OOS 


0.000 


0.000 


0.016 



Table 22: in-Piace Pollutants Program 
1407 Canagaglgue Creek study 

Sediment Bloassay Bloaccunulatlon Result;; Metals 
units: ug/g, wet weight (Not corrected tor gut content) 



LOCATION 


STATION 


ORGANISM 


Al 


AS 


t<\ 


cr 


Cu 


Fe 


Pt> 


Mn 


Hg 


Nl 


In 


GRAND «.- CAN. CR. 


CONTROL. 


MAYFLIES 


144 


Oft 


0.172 


O.TS 


1.59 


364 


a. 64 


20.6 


0.013 


0.31 


23.1 


CHAM) «.- CAM. CR. 


CONTROL 


MAYFLIES 


207 


0.19 


0.1*6 


64 


1.71 


363 


0.67 


25.2 


0.012 


76 


20.6 


GRAND R.- CAN. C*. 


CONTROL A 


FATHEADS 


46 


0. It 


0.049 


0.44 


5.26 


61 


0.16 


3. 1 


0.200 


0.24 


35. 1 


CRAND R- CAN. CR. 


PRECONTROL 


MAYFLIES 


lit 


O.IS 


0.246 


0.77 


i re 


206 


0.32 


9.6 


0.014 


0.62 


24.6 


CRAND R.- CAN. CR. 


PRECONTROL 


FATHEADS 


7 


06 


0.067 


0.36 


6.06 


20 


0.34 


1.3 


0.221 


< 0.03 


37.1 


GRAND R - CAN. CR. 


PRECONTROL 


FATHEADS 


8 


0.06 


0.041 


0. 39 


5.84 


19 


0.03 


1 ] 


0.246 


0.22 


34.0 


CANACACICUE CREEK 


1 


MAYFLIES 


291 


0.33 


0-117 


0.79 


2.57 


597 


1.04 


26 9 


OIO 


61 


20.1 


CANAGAGICUE CREEK 


IA 


FATHEAOS 


»a 


o to 


o.tsn 


0.46 


6 01 


94 


0. IS 


4.0 


0.013 


22 


36,9 


CANACACICUE CREEK 


2 


MAYfLIES 


197 


0.24 


I74 


0.72 


3.00 


4t9 


1.39 


28.6 


023 


0.49 


23 « 


CANAGAGICUE CREEK 


6 


MAYFLIES 


153 


22 


0.219 


94 


2.46 


322 


0.63 


33.9 


0.022 


0.51 


27.2: 


CANACACIOUE CREEK 


6 


•AYRUS 


144 


0.2* 


1S1 


t.42 


3 96 


677 


1 91 


46.6 


0,024 


0.96 


26.4 


CANAGAGICUE CREEK 


6A 


FATHEADS 


12* 


o.oa 


o too 


70 


6. 15 


221 


1.06 


12 4 


0.220 


0.31 


34.3 


CANAGACIGUE CREEK 


3 


MAYfLIES 


264 


26 


a. t25 


0.80 


3.12 


342 


1.27 


23.3 


0.192 


a 60 


22.4 


CANAGAGICUE CREEK 


JA 


FATHEAOS 


34 


< o os 


103 


0.45 


6,43 


79 


0. 17 


2 3 


244 


23 


33.5 


CANAGACIOJE CREEK 


3A 


FATHEADS 


18 


0.06 


0.092 


0.40 


6.72 


34 


0.06 


1 . 1 


256 


< 0.07 


33.2 


CANAGAGICUE CREEK 


4 


MAYfLIES 


221 


0.2a 


152 


0.90 


i 11 


449 


0.94 


24.4 


019 


o.6a 


4ft. 1 


CANACACICUE creek 


4A 


FATHEADS 


45 


< OS 


0.075 


31 


S.74 


65 


a. 14 


4.5 


253 


D.tl 


40.7 


CANAGAGICUE CREEK 


5 


MAYfLIES 


190 


0.15 


0. 130 


0.67 


2.64 


444 


0.76 


24 6 


0.015 


O.SJ 


23,4 


CANAGACIOJE CREEK 


5A 


FATHEADS 


SO 


< 05 


0.057 


0.16 


4 55 


112 


JO 


4. 1 


0. 245 


20 


16.7 



KEY: < Less than detect Ion Unit 



Table 23- in-Place Pollutants prograa 
14*7 Canagaoigue Creek study 

Sediment > teas say Bioaccuraulat Ion Results. PCBs a Pesticides 
units: uo/g. »et weight (Mot corrected lor out content) 



STATION ORGANISH WEIGHT* LIPID HASH MM: HEPTA HEPTA. ALOR IN MIREX a-«HC B-BHC d-SHC ALPHA- CAJMLA- 

• CHLMt EPQ*. CHLOROANE CHLORDANE 



PP-OOE op-OOD OP-COT op-COT a-(NDO- B-fNDO- OIEIDRIN ENDRIN ENDO-S04 »ETHOXV- Pen 
SUFAN 5ULFAN CHLOR 



CONTROL 


IAAVFLIES 


1.737 


2.112 


1 63 


003 c 0.001 cO.002 cO.OOl <0 002 


CO 001 cO.OOl 2 


cO 0012 cO 0012 


0012 


0.007 


co.ooi 


cO.OOl 


cO.OOl 


cO 001 




0.001 


0.001 


0.00 


cO . 00 1 


« 


o ooi 




ooi 


CONTROL A 


FATHEADS 


1 764 


J 732 


2.74 


a. 003 c 0.001 cO.002 cO.OOl <0 002 


<o odi <a 0012 


<o ooi2 co.oou 


0.0012 


0.011 


co.ooi 


CO . 00 1 


CO 001 


CO 001 




O.OOI 


001 


00 


cO OOI 


c 


0.001 




0.01 


PRECONTRCl 


•WYFLIES 


. 724 


1 19b 


1.4* 


0.017 < 001 <0 002 cO.OOl cO 002 


cO.OOl «0. 001 J 


cO.0012 cO.0012 


0.0012 


0.030 


cO.OOl 


CO 00 1 


CO 00 1 


<0 001 




O.OOI 


0.001 


0.00 


cOOOl 


€ 


O.OOI 




o.ot 


PRECONTROl 


FATHEADS 


3.227 


5.401 


2.35 


0.006 < 0.001 cO.002 cQ.001 <0.O02 


CO.OOl COOOU 


<0 0012 cO.0012 


0.0012 


0.005 


cO 001 


co.ooi 


CO. 001 


CO OOI 




001 


. 00 1 


001 


cO.OOl 


< 


0.001 




,0 1 


8 


«A¥FLIES 


1 .267 


2.061 


1 41 


cO.OOl « 0.001 <0.002 0.0O5 cO.002 


i 4 OOP c 0.001 


c 0.001 « o.dbi 


< 001 


007 


co ooi 


c 0.001 


<0. OOt 


CO. ooi 


c 


001 


CO . 00 1 


cO. 01 


cO. 001 


€ 


o oot 


< 


o:o;i 


1A 


FATHEADS 


1 SAd 


3 9 It 


2.9.5 


CO.OOl c O.OOI cO.002 CO.OOl cO 002 


<0.00l < o oot 


4 0.001 c 0.001 


< a. ooi 


co.ooi 


cO.OOl 


c 0.001 


CO. OOI 


CO. OOI 


< 


001 


cO . 00 1 


<0 01 


CO 001 


4 


o . oo i 


c 


OOI 


2 


*AYFL 1 ES 


0.756 


1 . «53 


l.ll 


CO.OOl c 0.001 cO.002 0.039 <0 002 


'0 001 < 001 


c 0.001 < 0.001 


< o.ooi 


082 


0.042 


CO. 001 


CO . 00 1 


cO. 001 


< 


OOI 


CO OOI 


CO 01 


CO oot 


* 


O.OOI 


c 


0.01 


6 


■AYFLIES 


1 5S5 


1 .79* 


2.33 


0.021 c D 001 CO 002 005 cO 002 


0.014 < 0.001 


c o.oot « :o.ooi 


* O.OOI 


0.033 


0.017 


<0 001 


CD 001 


CO OOI 


c 


0.001 


cO 00 1 


cO 01 


0.014 


<■ 


. 00.1 


X 


o.ot 


m 


FATHEADS 


1.770 


3 553 


3.16 


0.01 1 003 <0 002 CO.OOl <0 003 


cO.OOl < 0,001 


< 001 < 001 


< OOt 


0.026 


. 064 


cO 001 


cdoai 


CO 001 


c 


OOI 


cO OOI 


cO.Ot 


cO OOI 


'<:' 


O.OOI 


c 


OOt 


3 


ULAYFLIES 


1 sat 


1.3*6 


1.79 


0.004 0.002 cO 002 0.0OS <0 002 


0.0.07 c 001 


0:011 < 001 


< O.OOT 


0.062 


03t 


cO.OOl 


CO 001 


CO . 00 1 


c 


o.oot 


CO. 001 


CO. 01 


007 


c 


oot 


< 


0.01 


3A 


FATHEADS 


2, 643 


3.154 


267 


002 003 004 005 <0 002 


0.002 < 0.001 


0.004 0.004 


004 


021 


<0 001 


0.02? 


CO 001 


0.004 


c 


OOI 


003 


cO. 01 


0.002 


c 


o.ooi 


* 


ooi 


4 


MAYFLIES 


1 .616 


1 633 


2.30 


0.002 007 O.OtO 0.012 «6 002 


004 < 001 


0.016 < 0.001 


< 001 


0.036 


038 


<0 001 


cO . 00 1 


co.ooi 


c 


o ooi 


CO. OOI 


CO 01 


0.004 


< 


OOI 


< 


01 


m 


FATHEADS 


1 .136 


4.361 


3.33 


<0.00l < 0.001 cO 002 G.06O <0.002 


<o . oa i < o . oa i 


0.013 t 0.001 


< 001 


oho 


. 162 


CO OOI 


CO. OOI 


cO. OOI 


c 


. D0 1 


CO. OOI 


cO. 01 


cO . qo i 


*. 


OOI 


< 


o.ot 


s 


fcAVFLIES 


1 704 


1.434 


1 70 


0.002 c 0. 001 cQ.002 0.005 cO.002 


0.003 c 0.001 


c o oot < o.ooi 


< 0.001 


030 


013 


cO . 00 1 


CO 001 


<0. OOI 


« 


0.001 


cO. OOt 


cO. 01 


. 003 


..<: 


001 


c 


0.01 


3A 


FA THE ADS 


3.434 


3 20* 


2.01 


0.002 c 001 cO.002 cQ.001 CO.002 


0.005 < 0.001 


< 0,001 < o.oot 


c 001 


0.022 


039 


CO 001 


CO. ODI 


<0. 001 


c 


OOI 


«o oo i 


CO i 01 


0.005 


c 


001 


c 


01 





"- 


-—---— 







, „_,_,„„_ 


, 


— -_-_ 


„i_„ 





«„ 



























key: c Less than detection 
- no data 



TABLE 34: in-PUce Pollutants prograa 
19(7 Canagaglgue Creek study 

sedliwnt « loamy Bloaecueulatlon Results: chlorinated Aromatlts 
l*rns: gg/B. wet weight (Not corrected for gut content) 



STATION ORGAN IS* 



HEXO4.0RO 
-ETHANE 



135-TC1 174-TC8 HEXACHIORO I23-TC8 245-TCT 2J6-TCT I23S-TCB ,245-TCS 2«a-TCT I 

-BUTADIENE 



CONTROL 


MAYFLIES 


* 0.001 


< 0,010 


< 0.010 


0.006 


< 0.005 


CONTROL * 


FATHEADS 


< 001 


0.3)6 


< 010 


0.077 


0,077 


PRECONTROl 


. *AYFIIES 


0.02) 


« 0.010 


< o.ota 


0.029 


0.024 


PRECONTROl 


Fatheads 


< 001 


0.23» 


< 0.010 


0.053 


0.053 


1 


MAYFLIES 


0.012 


« 0.010 


x a. 010 


0.031 


< 0.005 


1A 


FATHEADS 


< 0.001 


< 0.010 


< o.ota 


< 0.001 


< 0.005 


2 


MAVFIICS 


0.035 


< 010 


< 0.010 


0.032 


032 


6 


MAYFLIES 


< 0.001 


SIX 


< 010 


0.021 


0.02a 


6* 


FATHEADS 


< 0.001 


443 


< o oio 


073 


073 


J 


MAYFLIES 


< 001 


0.2*8 


< o.ota 


0.03* 


< 005 


31 


FATHEADS 


< 0.001 


0.075 


< a oio 


016 


0.016 


a 


MAYFLIES 


< 0.001 


0.334 


* 010 


037 


0:037 


SI 


FATHEADS 


< o.oot 


0.4(2 


< o.oto 


0. 175 


0.175 


i 


MAYFLIES 


0.010 


< 010 


127 


0.016 


0.016 


5a 


FATHEADS 


0.004 


< 0.010 


< 0.010 


005 


< 0.005 



234-TCB PENTACMLORO OCTACHLORO 
BENZENE STYRENE 



IOXAPHENE 



:**■■■■■■■■■■■ 



* O.OOI 


O.OOI 


<0 010 


030 


0.020 


< 0.001 


0.001 


<0 OIO 


05« 


0.029 


OIO 


0.010 


<o.oto 


< o.oot 


0.050 


< 0.001 


O.OOI 


<0 . 10 


0.037 


0.067 


< o.oot 


< O.OOI 


< 0.01 


< 001 


037 


< 0.001 


< O.OOI 


< 0.01 


< O.OOI 


< o.oot 


< P. 001 


< 001 


< 01 


< 0.001 


0,047 


« 0.001 


< o.ooo 


< 0.01 


< 001 


0.029 


< 001 


< 000 


< 01 


< O.OOI 


0.029 


< 0.001 


< 001 


< o.ot 


0.064 


0.027 


< 0.001 


* O.OOI 


< 0.01 


0.014 


0.023 


* 0.001 


< .0.001 


< 0.01 


0.049 


0,015 


< 0.001 


< 001 


« ot 


< o.oot 


0.050 


0.005 


0.005 


< 0.01 


< 0.001 


0.012 


< 001 


t 0.000 


< 0.01 


< 001 


003 



< 0.01 

< 0.01 
* 0.01 

< O.OT 

< o.ot 

< 01 

< 01 

« o.ot 

«. IV 

< 0.01 
I 0.01 

< 0.01 

< 001 

< a. oi 

< O 01 



HEY: < Less than detection Unit 
- no data 



table 25: m-Place Pollutants program 
1987 Canagaglgue creek study 

Sediment Bloassay Bloaccumulatlon Results: Chlorophenol s 
LNTI5: ug/g. wet weight (Not corrected lor gut content) 

""■"«■"■■«•■■«■■"■ ■"■««■!■***« ■■■■■■■■ asaaaazaaaaaaaaaaaaHaa 
STATION ORCANIS* 234-TR1- 



CONTKOL MAYfLIES < 0.01 

CONTROL A FATHEADS < 0.01 

PRECONTROL MAYFLIES < 0.01 

PRECONTROL FATHEAOS < 0.01 

1 MAYFLIES < 0.01 
IA FATHEADS < 0.01 

2 MAYFL 155 < 0.01 
6 MAYFLIES e 01 
6A FATHEADS < 0.01 

3 MAYFLIES < 0! 
3A FATHEADS < 0.01 
■ MAYFL IES < 01 
«A FATHEADS < 0.01 
3 MAYFLIES < 0.01 
5A FATHEADS < O.Ot 



2345-TETRA- 


2356-TETRA- 


345-TRI- 


246-TRI- 


PENTA- 


CHLOROPHENOL 


CFK.OROPHENOL 


CHlOROPHfNOl 


CHLORQPHENOL 


CHL0R0PHENOL 


aaaaa a a aaaasaaa 


""■■1»IM1111 


lIUllEIIItJtlll 


uiHiiiiHii::] 


nium!lli:i: 


< 0.005 


< 0.005 


< 0.010 


< 0.01 


< 0.005 


< 0.005 


< 0.005 


< o.oro 


< 0.01 


< 0.005 


< 0.005 


* 0005 


< o.oto 


< 0.01 


0.053 


< 0.005 


< 0.005 


< 0.010 


< 0.01 


f 0.005 


< 0.005 


< 0.005 


« o.oto 


< o.oi 


< o.oos 


< 0.005 


c 0.005 


< o.oio 


< 0.01 


< O.005 


< 0.005 


< 0.005 


< o.oto 


< 0.01 


< 0.005 


t 0.005 


* 0.005 


< o.oio 


< 0.01 


< 0.005 


« 0.005 


< 0.005 


< 0.010 


< o oi 


< 0.005 


< 0.005 


< 0.005 


o.ou 


< 0.0! 


0.004 


< 0.005 


< 0.005 


c 0.010 


< O.OI 


•c D.OOS 


< 0.005. 


< 0. 005 


< o.oto 


< 01 


< 0.005 


« 0.005 


< 0.005 


< 0.010 


< o.oi 


< 0.005 


< 0.OO5 


< 0.005 


< 0.010 


< 0.01 


•; 0.005 


< 0.005 


< 0.005 


< O.OIO 


< 0.01 


< 0.005 



KEY: < Less than detection limit 









■ 



TABLE 26: Correlation Coefficients (Spearman Rank) for Sediment Metals and Organic Carbon and for 
Sediment Metals and Corresponding Invertebrate Tissue Levels (significance level in parentheses). 





Sediment 
TOC May 


Sediment 
% Silt 


Sediment 
TOC Oct 


sediment copper 


-.0580 
(.8968) 


.8117 
(.0695) 


.6000 
(.1797) 


sediment chromium 


.0580 
(.8968) 


.9276 

(.0381) 


.1429 
(.7494) 


sediment mercury 


.2319 
(.6041) 


.5798 
(.1948) 


.3714 
(.4062) 


sediment cadmium 


-.0290 
(.9483) 


.8407 
(.0601) 


.8407 
(.0601) 


sediment iron 


.0580 
(.8968) 


5276 

(.0381) 


.9710 

(.0299) 


sediment lead 


-.7714 
(.0845) 


.0857 
(.8480) 


.4857 
(.2774) 


sediment zinc 


-.0580 
(.8968) 


.8117 
(.0695) 


.8286 
(.0639) 


sediment arsenic 


.0857 
(.8480) 


5429 

(.0350) 


.9429 

(.0350) 


sediment manganese 


.0286 
(.9491) 


.8857 
(.0476) 


.7143 
(.1102) 


sediment aluminum 


.0580 
(.8968) 


5276 

(.0381) 


.9856 

(.0275) 


sediment nickel 


.9429 

(.0350) 


.0857 
(.8480) 


5429 

(.0350) 



Silt correlation data from May-June survey. 

Correlations significant at the 95% level appear in bold type. 



TABLE 27: Correlation Coefficients (Spearman Rank) for Sediment Geochemical Fractions and Invertebrate 
Tissue Level (all calculations based on wet weight) (significance level in parentheses). 

IW Fl F2 F3 F4 Res Bulk 



biota zinc 


- 


8382 
(.0609) 


-.0290 
(.9483) 


-.8117 
(.0695) 


.1449 
(.7459) 


-.3479 
(.4367) 


-.0290 
(.9486) 


biota manganese 


.3143 

(.4822) 


.2571 
(.5653) 


.2000 
(.6547) 


-.1429 
(.7494) 


-.1429 

(.7494) 


-.2571 
(.5653) 


.0286 
(.9491) 


biota aluminum 


.6088 
(.1734) 


-.8986 

(.0445) 


-.7143 
(.1102) 


.6571 
(.1417) 


-.4857 
(.2774) 


-.2000 
(.6547) 


-.2319 
(.6041) 


biota arsenic 


~ 


.5071 

(.2568) 


.1160 
(.7954) 


.3189 
(.4758) 


-.5218 
(.2433) 


-.2319 
(.6041) 


.3189 

(.4758) 


biota iron 


-.1429 
(.7494) 


-.5218 
(.2433) 


.2000 
(.6547) 


.7143 
(.1102) 


-.4857 
(.2774) 


.3143 
(.4822) 


-.2571 
(.5653) 


biota copper 


.1309 
(.7697) 


m 


-- 


-.0857 
(.8480) 


.0857 
(.8480) 


-.3143 
(.4822) 


.2029 
(.6500) 


biota lead 


~ 


-.5416 
(.2671) 


-.1904 
(.7179) 


-.5127 
(.2989) 


.4815 
(.3336) 


~ 


3552 
(.4896) 


biota chromium 


~ 


-.6547 
(.1432) 


.7171 
(.1088) 


.2000 
(.6547) 


-.1160 

(.7954) 


-.6000 
(.1797) 


.6000 
(.1797) 


biota cadmium 


~ 


-.0309 
(.9450) 


- 


-.0926 
(.8360) 


.8407 
(.0601) 


~ 


- 


biota nickel 


-.3032 
(.4978) 


.1980 
(.6579) 


.4201 
(.3476) 


-.6776 
(.1297) 


-.5735 
(.1997) 


.1409 
(.7527) 


.0470 
(.9164) 



Correlations significant at the 95% level appear in bold type. 



TABLE 28: DISTRIBUTION, DENSITY, AND BIOMASS ESTIMATES OF MAJOR MACROBENTHIC TAXA, CANAGAGIGUE CREEK, MAY- 
JUNE 1987. 

All values are expressed on a per square meter basis. Biomass values calculated on wet weight basis. 





Station 0001 


Station 0002 


Station 0006 


Station 0093 


Station 0004 


Station 0005 




Average # 
Organisms 


Biomass 
fen*) 


Average # 
Organisms 


Biomass 
(gms) 


Average # 

Organisms 


Biomass 
(gms) 


Average # 
Organisms 


Biomass 
(gms) 


Average # 
Organisms 


Biomass 
(gms) 


Average # 

Organisms 


Biomass 
(gms) 


ARTHROPODA 


























Class Insccta 


























O. Ephemeroptera 

O. Odonaia 

0. Trichoptera 

O. Colcoptera 

O. Diptera 

F. Qiironomidae 
F. Ceratopogonidae 
F. Tabanidae 


65 

130 
54 


0.0256 

0.1536 
0.0161 


184 

15 


0.0967 
0.0919 


38 

207 
8 
8 


0.0176 

0.1154 
0.0032 
0.0644 


46 

15 
46 


0.0552 


169 
736 


0.0509 
0.7674 


15 

88 

1,122 
15 


7.4649 

0.0218 

0.6414 
0.0119 


Class Crustacea 


























O. Amphipoda 
0. Isopoda 










23 


0.0065 


46 


0.1996 


15 


0.0316 






MOLLUSCA 


























Class Gastropoda 






92 


3.7417 


69 


0.7786 










352 


2.9438 


Cass Pelecypoda 










31 
















ANNELIDA 


























Class Hirudinea 






15 


0.3208 


15 


0.1086 






41 


8.7797 


191 


0.8622 


Class Oligochaeta 


5,696 


15.1740 


12,580 


22.2681 


6,726 


12.0453 


2,926 


3.6500 


23,260 


44.6154 


8,132 


16.5766 


TOTAL # ORGANISMS 


5,945 




12386 




7,125 




3,079 




24,211 




9,915 




TOTAL BIOMASS 




153693 




265192 




13.1396 




3.9048 




54.2451 




28.5226 


CORRECTED BIOMASS 
(+ 10%) 




16.91 




29.17 




14.45 




4.29 




59.67 




3137 



TABLE 29: BENTHIC MACROINVERTEBRATE TAXA OF CANAGAGIGUE CREEK, MAY- JUNE, 1987 



STATION NUMBER (#/m 2 ) 



0002 



0006 



0003 



0004 0005 



DIPTERA 
Chironomidae 
Chironominae 
Chironomus sp. 
Chironomus plumosus grp. 
Phaenopsectra sp. 
Polypedilum 
(Pentapedilum) sp. 
Stictochironomus sp. 
Tanytarsus sp. 
Orthocladiinae 

Cricotopus (Cricotopus) sp. 
Onhocladius 

(Eudaetylocladius) sp. 
Rheocricotopus sp. 
Tanypodinae 

Procladius sp. 
Ceratopogonidae 

Palpomyia sp.grp. 
COLEOPTERA 
Elmidae 

Dubiraphia sp. 
1SOPODA 
Aseltidae 

Asellus sp. 
PELECYPODA 
Spliaeriidae 

Pisidium casertanum 
GASTROPODA 
Planorbidae 

Gyralus parvus 
Physidae 

Physella gyrina 
HIRUDINEA 
Erpobdellidae 
Helobdella sp. 
H. stagnalis 
OLIGOCHAETA 
Tubificidae 

Liitinodrilus hoffmeisteri 
L. udekemianus 
L. ccrvix/claparedianus 
Tubifex tubifex 
immatures with 

eapilliforni setae 
immatures without 
eapilliforni setae 



115 



115 



77 



115 



77 



230 



211 
115 



440 



3,792 

2,298 
1,149 
1,149 



77 

383 
306 

77 

230 



153 



306 



1,073 



2,452 
383 


24,822 
3,294 


3,984 


689 


843 




2,068 


3,294 


2,452 


6,052 


33,326 


8,887 


2.060 


L33S 


2.099 


0.6S9 


0.768 


0.660 


0.734 


0.421 


0.748 



Total Number of Organisms 
Species Diversity (FT) 
Species Richness (S.R.) 
Evenness (P) 



9,461 
2.471 
1.420 
0.649 



(6895) 
TD/227/E55/J33/MOE/MISA 



